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Abstract 
Exercise has been shown to be an effective treatment for a range of physical and 
mental health problems. Development of automated exercise therapy options 
will result in greater accessibility of treatment for those who would be otherwise 
unable to access it. The purpose of this study was to design and evaluate an 
automated technology based behavioural intervention for the purpose of 
increasing the participant’s physical exercise adherence.  
The study was run as a non-concurrent multiple baseline across participants 
design over a 12 week period. Nine participants (2 male, 7 female) aged 18 to 34 
(M = 23.11) took part in the study. They completed a baseline phase of three to 
six weeks during which exercise data were recorded. The intervention phase 
lasted seven to eight weeks, during which an intervention was delivered via 
email and online survey in an attempt to increase physical exercise, and promote 
long term exercise adherence. Effectiveness of the intervention was evaluated 
using measures of duration and intensity of exercise activity, and an 18 item 
Exercise Self-Efficacy Scale. 
For most participants there was a significant increase in exercise activity and 
exercise self-efficacy score as a result of the intervention. Component analysis of 
the intervention provided information as to which aspects were effective, and 
which may need to be modified for subsequent iterations. These results show 
that an automated technology based behavioural intervention can increase 
exercise behaviour in such a way that promotes long term adherence. Future 
studies could focus on using a smartphone app as the delivery method for similar 
interventions as this would allow for additional features to be added, and more 
effective delivery of the aspects of the intervention that have been shown to 
work. 
 
Keywords: Exercise adherence. Exercise self-efficacy. Technology. 
Behavioural exercise intervention. Automated. 
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Lack of Physical Exercise Globally 
Engaging in regular physical exercise has been shown to be beneficial in 
several areas of physical and mental health (World Health Organisation [WHO], 
2010). Despite this, 31% of the global population do not exercise at the level 
required to access these health benefits (WHO, 2014a). Each year approximately 
3.2 million deaths are attributed to insufficient physical activity. As of 2010 
physical inactivity was the fourth highest risk factor for mortality worldwide 
(WHO, 2010). 
Data from the WHO show that physical inactivity is a major problem 
worldwide, but that it seems to be worse in developed countries; in the USA, 41% 
of adults over the age of 15 do not exercise at a level consistent with WHO 
guidelines, as compared to 17% in the South East Asian region (WHO, 2008). 
Over the past 50 years, the prevalence of individuals leading a sedentary lifestyle 
in the USA has increased significantly (Brownson, 2005). This can be attributed to 
several factors; a decline in walking for transportation, higher rates of 
automobile dependence, lower incidence of strenuous household activities, and 
a large decline in the prevalence of physically active occupations (Brownson, 
2005). 
This increase in sedentary lifestyle is not confined to the USA. Similar 
levels of physical inactivity can be seen in other developed regions; 43% of 
people in the Eastern Mediterranean Region, 45% in the Americas, 63.3% in the 
United Kingdom, 62.5% in the United Arab Emirates, 37.9% in Australia, and 47.6% 
in New Zealand do not exercise at a level consistent with WHO guidelines (WHO, 
2008). 
Physical Inactivity in New Zealand 
Physical inactivity is a major problem here in New Zealand, as well as 
abroad. New Zealand is the 17th (out of 122) most inactive country worldwide, 
with almost 50% of the population not being sufficiently active (WHO, 2008). 
Physical inactivity is at pandemic level in New Zealand, as well as many other 
countries (Greater Wellington Regional Council [GWRC], 2013). In New Zealand 
there are also serious economic consequences associated with physical inactivity: 
The direct and indirect health costs that occurred as a result of physical inactivity 
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were estimated at around $1.3 billion in 2010, which accounts for about 0.7% of 
the country’s gross domestic profit (GWRC, 2013). There are numerous health 
problems that can occur as a result of physical inactivity, such as obesity, 
cardiovascular disease, and diabetes (WHO, 2014b). 
Physical Health and Exercise 
Obesity and being overweight are two of the most serious current global 
health concerns (WHO, 2014b). Worldwide prevalence of obesity has almost 
doubled since 1980; over 1.4 billion adults aged 20 or over were overweight in 
2008, which is around 35% of the total global population (WHO, 2014b). 
Approximately 500 million of these overweight adults were classed as obese, 
accounting for around 11% of the total global population (WHO, 2014b). Obesity 
and being overweight result in 3.4 million deaths annually, largely due to an 
increased risk of cardiovascular disease and diabetes (WHO, 2014b). At an 
individual level, the main areas that should be addressed to combat the obesity 
epidemic are excessive dietary intake, and lack of physical activity. It has been 
suggested that increasing levels of physical exercise in the general population 
would be an effective method of addressing the overweight and obesity problem 
(Brownson, 2005; WHO, 2014).  
Exercise provides benefits in many areas of  physical and mental health, 
such as; cardiovascular disease, colon cancer, breast cancer, type 2 diabetes (Lee 
et al., 2012),  bone density, low back pain, generalized anxiety disorder, and 
depression (Dishman, 1991). Engaging in regular physical activity can decrease 
the risk of developing a cardiac disorder by up to 30% (Williams, 2001). In light of 
this, it seems as though research directed toward increasing levels of physical 
activity in sedentary populations is a worthwhile pursuit. 
Mental Health and Exercise 
Physical health problems are not the only ones that can be addressed by 
increasing levels of physical activity; mental health disorders such as depression 
can also be treated by using physical exercise (Dishman, 1991; Dunn, Trivedi, 
Kampert, Clark, & Chambliss, 2002). Depression is a disorder that affects over 
350 million people globally at any one time. It can severely impair everyday 
functioning, and is the leading cause of disability worldwide (WHO, 2004). In an 
3 
 
 
 
international survey, one out of 20 people reported having had a depressive 
episode in the preceding year (Marcus, Yasamy, Ommeren, Chisholm, & Saxena, 
2012). 
There are effective, evidence based treatments available for depression. 
In spite of this most cases go untreated; fewer than half of those affected have 
access to treatment (WHO, 2012). Several factors could be contributing to this 
problem; stigma attached to the diagnosis, lack of patient resources such as 
money and spare time, and lack of treatment providers. In some countries, less 
than 10% of affected patients are able to receive treatment for the disorder 
(WHO, 2012). Global prevalence of depression is increasing, and it has been 
classed as a priority condition (WHO, 2012).  
New Zealand is no exception to the global rise in mental health problems; 
47% of the population will suffer from a mental illness or addictive disorder at 
some point in their life, with 20.7% being affected in any one year (Oakley, Wells, 
& Scotts, 2006). Prevalence of mental illness is higher amongst those who are 
disadvantaged. Those with less education and a lower household income are 
more likely to suffer from a mental illness (Oakley et al., 2006).  
A survey conducted in 2012 by the Ministry of Health [MOH](2012) has 
shown that 16% of New Zealanders will have received a diagnosis for a common 
mental disorder (depression, anxiety, or bi-polar) during their lifetime. 
Depression was the most prevalent, accounting for 87.5% of the total. The same 
survey conducted in 2007 showed overall prevalence rates at 13% for the same 
set of disorders, which indicates that there was a 19% increase in number of 
diagnoses from 2007 to 2012. When the data were grouped according to socio-
economic status, it was found that individuals living in the most deprived 
neighbourhoods were 1.7 times more likely to be diagnosed with a common 
mental disorder than those living in the least deprived neighbourhoods (MOH, 
2012). 
The number of patients using mental health and addiction services in 
New Zealand is quite low when compared with the prevalence rates of common 
mental illnesses. For the 2011/2012 year, only 137,346 people accessed mental 
health and addiction services (MOH, 2012). There is a large disparity between 
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the number of people diagnosed with mental illness or an addictive disorder in 
any one year, approximately 900,000 (Oakley et al., 2006), and the number of 
people who receive treatment through mental health and addiction services. A 
common barrier to treatment is a lack of resources such as money and time on 
the part of the patient (WHO, 2012), which compounds the issue of poorer 
people being over-represented in these statistics; they are more susceptible to 
depression, and do not have the resources to seek treatment for it. Depression is 
a serious global health concern, and the lack of resources to deal with the ever 
increasing number of people who are being diagnosed with the disorder is a 
problem that needs to be addressed (WHO, 2004). 
Automation of Therapy to Increase Availability 
To address this problem, treatment options need to be made cheaper 
and more accessible. Most conventional treatments require the presence of a 
trained therapist. This limits accessibility for many people due to the insufficient 
number of trained therapists and high costs for patients. Development of 
treatments that do not require trained therapists will increase availability and 
drive down costs. This would be beneficial for making treatment available to a 
wider range of people; especially those in lower socio-economic brackets, who 
are over-represented in the statistics and less able to seek help. 
The WHO has published recommendations for addressing the increasing 
prevalence of depression worldwide. They recommend increasing availability of 
alternative treatments that do not require specialist staff, with the proposed 
outcome being improved access to treatment through lower costs and greater 
availability (WHO, 2012). 
An intervention to help increase physical exercise could be an effective 
way to treat depression without the need for a therapist. Exercise therapy has 
proven efficacy with a variety of depressive disorders across a range of different 
populations. Clinical trials using exercise as a treatment have been successful at 
reducing depression with; children, (Annesi, 2005), obese adolescents (Daley, 
Copeland, Wright, Roalfe, & Wales, 2006), college students (Mailey et al., 2010; 
Tyson, Wilson, Crone, Brailsford, & Laws, 2010), in-patients with major 
depression (Knubben et al., 2007), and in-patients with treatment resistant 
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major depression (Mota-Pereira et al., 2010). Amount of exercise and severity of 
depressive symptoms have been shown to have a significant negative correlation 
in large scale population surveys (Brunes, Augestad, & Gudmundsdottir, 2013; 
Taliaferro, Rienzo, Pigg, Miller, & Dodd, 2009; Wiles, Haase, Lawlor, Ness, & 
Lewis, 2011). Exercise could possibly be used as an effective treatment for 
depression with quite a broad range of people. 
In a recent meta-analysis, exercise was found to be as effective as 
pharmacological and psychological therapies in the treatment of depression 
(Cooney et al., 2013). This bodes well for the use of exercise as an alternative 
treatment; an exercise intervention could be just as effective as traditional 
therapies but be more accessible and have lower costs. Results from a study by 
Babyak et al. (2000) provide support for the use of exercise as a treatment 
option. This study evaluated the efficacy of exercise against the use of Sertraline; 
a selective serotonin reuptake inhibitor (SSRI). Three groups were used in the 
study; Sertraline alone, exercise therapy alone, and Sertraline combined with 
exercise therapy. All three groups had significant decreases in levels of 
depression after 4 months. However, at the 10 month follow up participants in 
the exercise therapy group had significantly lower rates of relapse as compared 
with the Sertraline group. Surprisingly, the combined exercise and Sertraline 
therapy was no more effective at reducing MDD symptoms than either of the 
others and had higher levels of relapse than the exercise therapy alone. These 
findings indicate that when exercise is used to treat major depression, it can be 
at least as effective as a common SSRI, with lower levels of relapse 10 months 
after treatment. 
While an intervention aimed at increasing levels of physical activity could 
be an effective way to treat depression, it needs to be able to be delivered 
without a therapist. To increase availability of treatment options, new methods 
of delivery need to be explored. Technology based interventions look to be quite 
promising for this application due to the fact that it is possible to set them up to 
deliver an intervention without the need for any human interaction, which 
removes the need for a therapist. As has been previously stated, the necessity 
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for a trained therapist is one of the major factors that limit availability of 
treatment.  
Use of Technology to Change Health Related Behaviours 
The use of technology to administer therapeutic physical activity 
interventions has been advocated in several studies and reviews (King et al., 
2008; Lewis, 2007; Nigg, 2003; Steele, Mummery, & Dwyer, 2007; Vandelanotte, 
Spathonis, Eakin & Owen, 2007). Prior success with automated electronic 
physical activity interventions has shown that the presence of a therapist is not 
strictly necessary for success. King et al. (2008) designed and tested an 
automated PDA based exercise intervention program. They found significantly 
greater calorie expenditure and minutes spent exercising per week for the 
experimental group than for the control group. A systematic review of the use of 
non face-to-face interventions for increasing physical found that 14 of the 17 
studies examined reported significant increases in physical activity (Muller & 
Khoo, 2014).  
Similar results were found by a meta-analysis looking at the presence of 
behaviour change theory in internet delivered interventions to promote health 
behaviour (Webb, Joseph, Yardley, & Michie, 2010). There were 85 studies 
included, with a total sample size of 43,236 participants. It was found that more 
extensive use of behaviour change techniques in the intervention resulted in 
greater increases in exercise behaviour. These results indicate that the internet 
can be used effectively to bring about change in health related behaviour, but 
that active components of interventions should be based on relevant 
psychological theory. 
Smartphone Apps for Delivering Interventions 
Another possible method of delivery is the smartphone. With the advent 
of smartphone technology, it has become much easier for computer applications 
to be integrated into everyday life. This has created an opportunity for the 
development of physical activity interventions that can be delivered in an 
intuitive, accessible manner. Developing smartphone apps for increasing physical 
activity that are based on solid theory and research may be a useful way to 
automate an effective physical activity intervention. 
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A large scale content analysis of the presence of relevant psychological 
theory in current smartphone fitness apps was conducted by Cowan et al. (2013). 
They found that that the majority of fitness apps were lacking in relevant 
theoretical content. The scoring system used for the analysis was a 1 – 100 point 
scale. The observed range of scores for the apps was 1 – 28, with a heavy skew 
toward lower scores. It was proposed that the lack of theoretical content in 
exercise apps is not surprising due to the fact that most of these apps are 
developed by programmers who have little to no background in the area of 
exercise psychology. This presents an excellent opportunity for programmers and 
psychologists to work together to create effective, evidence based, theory rich 
smartphone apps for increasing physical activity (Cowan et al., 2013). 
There are quite a few possible avenues to explore when deciding on a 
method of delivery for an intervention aimed at increasing levels of physical 
exercise. The use of technology such as the internet, email, and smartphone 
apps will enable the intervention to be delivered without the need for any 
human interaction, which will increase accessibility of the intervention as a 
therapeutic tool due to the lack of a requirement for a trained therapist. 
Summary of Justification 
Physical inactivity is a worldwide health concern that is steadily 
worsening. It is more prevalent in developed nations due to an increased 
reliance on automotive transportation, and a decrease in the number of 
physically demanding occupations. Many physical health problems such as 
diabetes, obesity, and cardiac disease can occur as a result of insufficient physical 
exercise. Physical exercise has many protective benefits for both physical and 
mental health; it can lower the risk of cardiovascular disease, colon cancer, 
breast cancer, diabetes, anxiety, and depression.  
Depression is a serious health problem that affects more than 350 million 
people worldwide. It is the leading cause of disability worldwide, but most cases 
go untreated due to a lack of treatment providers. The prohibitive cost of 
therapy puts it out of reach of the demographic that is most affected; people in 
lower socio economic brackets. To make sure that treatment for depression is 
more readily available to those who need it, steps need to be taken to decrease 
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associated costs, and improve accessibility. Alternative therapy options are 
needed that do not require the presence of a therapist. The necessity for a 
therapist is a significant barrier due to increased cost and the limited number of 
trained professionals.  
Exercise can be used to address a variety of serious health issues; obesity, 
being overweight, cardiovascular disease, diabetes, and depression. These are 
some of the most serious global health risks, which are becoming increasingly 
prevalent in developed countries. Physical exercise has been shown to have a 
significant negative correlation with severity of depression in large scale 
population surveys. Clinical trials have shown that it can be at least as effective 
as traditional therapies and psychopharmacological treatments for the treatment 
of depression. 
A treatment that gets people exercising regularly could be used with 
many different populations to treat a variety of health problems. To overcome 
the issue of accessibility, it would need to be cost effective, and able to be 
delivered without the presence of a therapist. The use of technology (internet 
and smartphone apps) to deliver an automated intervention aimed at promoting 
physical activity would help to provide a low cost, accessible treatment option. In 
previous studies there have been high attrition rates when exercise was used as 
an intervention to treat depression (Dunn et al., 2002). In light of this, any 
intervention aimed at increasing exercise behaviour should be designed to 
address some of the aspects of exercise which generally decrease levels of 
adherence, and promote those which have been shown to increase adherence.  
Outline of the Exercise Intervention Used in the Current Study 
The purpose of this study was to see whether an automated, email 
delivered intervention could be used to increase exercise behaviour in such a 
way that facilitates long term adherence to an exercise program. The 
intervention was delivered via email, but the active components were designed 
so that they could be easily incorporated into a smartphone app. Human 
interaction with the participants was minimised, so that the intervention could 
be delivered in a manner analogous to that of a smartphone app.  
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The aim was to slowly raise exercise behaviour from a low rate, whilst 
minimising punishment contingencies associated with exercise, maximising 
reinforcing contingencies, and teaching skills that facilitate long term exercise 
adherence such as proximal goal setting, scheduling, and management of 
exercise intensity and duration. The active components of the intervention 
included; weekly exercise targets, weekly tasks to complete, feedback on target 
completion, and management of intensity and duration of exercise through 
information provided to the participants. Inclusion of components that have 
been shown to increase rates of exercise adherence should help to address the 
issue of participant attrition which is a common problem with exercise based 
interventions (Dunn et al., 2002). 
The experiment was run as a non-concurrent multiple baseline across 
participants design. This allowed for adequate control of confounds with a 
limited sample size. The primary measures used in the study were duration and 
intensity of exercise, and changes in exercise self-efficacy (ESE) scores. Exercise 
duration and intensity were measured by self report via weekly email survey as 
this was more representative than pedometers or heart-rate monitors of how a 
smartphone app would function. Exercise self-efficacy was used as a measure to 
predict likelihood for maintenance of the exercise behaviour, and efficacy of the 
intervention. Exercise self-efficacy was measured at three points during the 
study; pre-baseline, pre-intervention, and post intervention. This was to ensure 
that any changes in self-efficacy score during the baseline phase were not 
assumed to have occurred during the intervention phase.  
There were several other outcome measures that were compared with 
ESE change and number of targets met. These included; average exercise 
increase from baseline to intervention, average time spent exercising during 
baseline, average time spent exercising during intervention, positive deviation 
from targets, negative deviation from targets, amount of vigorous activity 
performed, goal setting task completion, social task completion, and scheduling 
task completion. These measures reflect several of the components that were 
included in the intervention which will be discussed presently, such as; setting 
achievable targets, encouraging mastery experiences, slowly increasing the 
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exercise requirement, prescribing moderate intensity exercise, setting proximal 
goals, facilitating social support, and teaching scheduling skills. Analysis of the 
relationships between these measures and the primary outcome measures 
should generate insight into which components of the intervention were the 
most effective, and which ones need to be removed or modified. 
The ideal outcome of the intervention will be the participant exercising at 
a moderate intensity for at least 90 minutes per week, and experiencing a 
significant increase in exercise self-efficacy score. Increased self-efficacy scores, 
along with acquisition of the appropriate scheduling skills, goal setting skills, and 
reinforcement contingencies, should lead to ongoing maintenance of the 
exercise behaviour. 
Exercise Self-Efficacy: Why It Is Being Used as a Measure 
One of the primary goals of the intervention was to increase the 
likelihood of ongoing adherence to an exercise program. Due to time and budget 
constraints, it was not possible to gather long term exercise adherence data for 
this study, which raises the question of how to measure the likelihood of the 
participants adhering to their exercise program long term. This hurdle was 
overcome by using exercise self-efficacy as a measure to estimate the likelihood 
of the participants maintaining their exercise behaviour.  
Predictive value of exercise self-efficacy: What it tells us about exercise 
behaviour. There is quite a lot of research supporting the use of exercise self-
efficacy as an outcome measure for this study: Self-efficacy is one of the most 
reliable predictors of long term exercise adherence: Desharnais, Bouillon, and 
Godin (1986) found that exercise self-efficacy was the most central determinant 
of exercise adherence. DuCharme and Brawley (1995) had similar results when 
testing two different types of exercise self-efficacy; they found that self-efficacy 
beliefs around ability to overcome common barriers to exercise, and beliefs in 
ability to regularly schedule exercise sessions, were both predictive of ongoing 
adherence to the exercise program. Williams et al. (2008) found that exercise 
self-efficacy was a very strong predictor of physical activity maintenance at six 
months with a sample of initially sedentary adults. In a review conducted by 
Williams and French (2011) of 27 different interventions looking at changes in 
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exercise behaviour and exercise self-efficacy, it was found that when there was a 
significant change in the physical activity measure, it was accompanied by a 
significant change in the exercise self-efficacy measure.  In a review looking at 
the behavioural determinants of exercise, Sherwood and Jeffery (2000) state that 
“exercise self-efficacy is the strongest and most consistent predictor of exercise 
behaviour” (p. 25). These findings support the idea that by measuring changes in 
the exercise self-efficacy scores of the participants in this study, it will be 
possible to estimate the likelihood of them maintaining their exercise behaviour. 
Another way that  self-efficacy will be useful as a measure is for 
estimating the effectiveness of the intervention: Because of the way the exercise 
targets are set, and the goal of limiting the amount of exercise performed in the 
early stages, an increased level of exercise does not necessarily mean that the 
intervention was more successful. Using self-efficacy score changes as well as 
exercise time as a measure will provide more meaningful data for examining the 
efficacy of the various intervention components, and the overall effect of the 
intervention (Williams & French, 2011). 
Bandura (1991) defines self-efficacy as an individual’s belief in their ability 
to achieve what they set out to do. He states that self-efficacy beliefs regulate 
behaviour in many different ways; they have an effect on choices made, goals 
and aspirations, effort expended, and perseverance in the face of adversity 
(Bandura, 1991). When people perceive themselves to be more capable, they set 
themselves higher goals, and tend to be more committed to achieving them 
(Bandura, 1991). When a person’s task performance falls short of their goal, 
whether this is motivating or discouraging depends on their level of self-efficacy 
(Bandura & Cervone, 1986; Locke & Latham, 1990). People with lower self-
efficacy tend to be easily discouraged by failure, whereas people with higher self-
efficacy are more likely to keep trying until they succeed (Bandura & Cervone, 
1986; Locke & Latham, 1990). According to Bandura (1991), the effect that causal 
attributions have on subsequent performance has been shown to be mediated 
almost completely by an individual’s self-efficacy beliefs. Self-efficacy beliefs 
modify how failures and successes are perceived; when a person with high self-
efficacy fails they tend to ascribe the failure to a lack of effort, whereas 
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somebody with low self-efficacy is more likely to ascribe the failure to a lack of 
ability (Bandura & Locke, 2003). The same is true of social comparisons; when 
self-efficacy is higher, viewing others performing a task will result in increased 
performance in the task. When it is lower, the same observation will result in 
decreased subsequent performance (Bandura & Jourden, 1991). This is all very 
important information that can be integrated into an exercise intervention to 
make sure that it functions in such a way as to maximise the exercise self-efficacy 
of the participants, which should allow them to set themselves higher goals, and 
limit the negative effect that failures have on their subsequent performance.  
An issue that arises when using a construct such as exercise self-efficacy 
as an outcome measure is how to judge the significance of changes in the 
participant’s score. It is difficult to look at an exercise self-efficacy score and use 
it to predict the likelihood of a participant maintaining their exercise behaviour 
long term; is an increase of one point on an 11 point self-efficacy scale significant, 
or is a more dramatic shift needed before we can say that there has been a 
meaningful effect. A way to deal with this issue would be to find another 
measure that correlates well with exercise self-efficacy changes, is reflective of 
actual exercise behaviour changes, and is sensitive enough that it can be used to 
judge the significance of any changes in exercise self-efficacy that occur during 
this study. 
Using the Transtheoretical Model to determine the practical significance 
of exercise self-efficacy score changes. The Transtheoretical Model (TTM) could 
be used effectively for this purpose; it fits the previously mentioned criteria, and 
would be useful in this study for judging the significance of exercise self-efficacy 
changes. The TTM is a theory of behaviour change which proposes that there are 
a series of stages that an individual progresses through when initiating health 
related behaviour (Prochaska & Velicer, 1997). By using the TTM alongside the 
ESES, it will be possible to judge whether any ESE score increases are likely to 
result in changes in actual exercise behaviour.  
As individuals move through the various stages of change for exercise 
related health behaviour, there is a corresponding increase in exercise self-
efficacy scores (Kim, 2007; Marcus, Selby, Niaura, & Rossi, 1992). Research has 
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shown that exercise self-efficacy scores can reliably differentiate between the 
stages of change in the TTM (Kim, 2007; Marcus et al., 1992). By looking at the 
ESE scores that Marcus et al. (1992) have found to be associated with particular 
stages of the TTM, it is possible to track the progress of the participants in the 
current study through the stages of the TTM. 
The first stage of change in the TTM is called the pre-contemplation stage, 
during which the individual has no intention of taking action and often does not 
recognise that there is a problem with their current behaviour. The second is the 
contemplation stage, during which they begin to recognise the problem and 
begin to see the negative impacts of the unhealthy behaviour. The third is the 
preparation stage, during which intentions are made to address the problem in 
the near future, and small steps may be taken to get ready. The fourth is the 
action stage, during which the individual has started making progress in 
modifying the problematic behaviour. The fifth is the maintenance stage, during 
which the individual has managed to maintain their progress over a period of 
time, usually around six months for exercise related behaviour. The sixth is the 
termination stage, during which the individual has successfully integrated the 
new healthy behaviour into their life, and there is no chance of them reverting to 
the previous unhealthy behaviours (Prochaska & Velicer, 1997). 
According to the TTM criteria outlined my Marcus et al. (1992), most of 
the participants in this study began the intervention in the pre-contemplation or 
contemplation stages, which is to be expected as the recruitment criteria 
stipulated that they must currently do no exercise, or very little exercise. The aim 
was to achieve increases in exercise self-efficacy scores that would raise them 
from the pre-contemplation and contemplation stages to the action or 
maintenance stages. Comparing the exercise self-efficacy score changes obtained 
in this study to those obtained in the study performed by Marcus et al. (1992) 
should indicate how far the participants have progressed through the stages of 
the TTM and give a meaningful measure of how successful the intervention was 
at increasing the probability of the participants maintaining their exercise 
behaviour long term. 
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How Can Exercise Self-Efficacy Be Increased? 
Increases in exercise self-efficacy seem to be very beneficial with regard 
to increasing exercise behaviour, and ESE changes can be used to track progress 
through the TTM. Therefore it is important to discover how exercise self-efficacy 
scores can be increased during an automated exercise intervention. Several 
methods for increasing self-efficacy will be discussed, along with how they might 
be integrated into the proposed intervention.  
According to Bandura (1977), there are four different factors that 
contribute to increases in self-efficacy beliefs; mastery experiences, vicarious 
learning, social persuasion, and physiological experiences. A recent study by 
Mcauley et al. (2003) supports this idea; a component analysis was performed to 
ascertain whether these factors did in fact contribute to levels of exercise self-
efficacy. It was found that mastery experiences, the social environment, and 
affective experience of the individual during exercise all contribute individually in 
generating exercise self-efficacy expectations. 
Mastery experiences. Mastery experiences are simply prior successes 
with the specified behaviour. They can also be thought of as the history of 
reinforcement associated with the behaviour. As the individual encounters more 
mastery experiences their self-efficacy scores improve (Bandura, 1977). When an 
individual does not have a history of mastery experiences with a certain task, 
failures tend to have a negative impact on subsequent performance (Bandura, 
1991, Bandura & Cervone, 1986; Locke & Latham, 1990). Repeated mastery 
experiences generate higher self-efficacy, which decreases the negative impact 
of these failures (Bandura, 1977; Mcauley et al., 2003).  
A good way to increase self-efficacy scores is through mastery 
experiences (Bandura 1991), which can be difficult when the individual has no 
prior experience with exercise. It has been proposed that educational 
approaches should be used to change perceptions of the difficulty of exercise 
and promote the benefits during the pre-contemplation, contemplation, and 
preparation stages (Prochaska & Velicer, 1997).  
Integration into the intervention. The use of small achievable exercise 
targets will have allowed for mastery experiences to be accumulated early on, 
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which should help to increase the reinforcing potential of the exercise and 
decrease the negative effect of subsequent failures. Providing participants with 
information concerning the usefulness of moderate intensity exercise in the early 
stages of the intervention should encourage early self-efficacy score increases. 
Vicarious learning. Vicarious learning is the process of learning via 
observation of others (Bandura, 1977). When an individual witnesses somebody 
else successfully performing a task, this can raise their own efficacy beliefs 
concerning their ability to perform that task (Bandura, 1977, McAuley et al., 
2003). This type of learning relies on inferences being made by social comparison. 
It is not as effective at improving self-efficacy scores as personal mastery 
experiences (Bandura, 1977). 
Integration into the intervention. The proposed intervention was quite 
individualistic. It was designed to be implemented with a broad range of people, 
and there will not always be the opportunity for social comparison to occur. 
While there are some aspects of the intervention that may have resulted in a 
level of vicarious learning, it was not a primary focus of the intervention. 
Social persuasion. Social persuasion can be thought of as the information 
and experiences that are provided by the social context surrounding the 
individual (Bandura, 1977). This covers things such as education concerning the 
task or behaviour, encouragement from peers, and discouragement from peers. 
Social persuasion must be used carefully when integrated into an intervention; 
when it is used by itself to modify outcome expectations without providing 
additional support structures for the participant, it can generate unrealistic 
expectations of capability that often result in failure and a subsequent decrease 
in self-efficacy (Bandura, 1977; Mcauley et al., 2003). Social persuasion is best 
used as an adjunct to other methods of increasing self-efficacy scores (Bandura, 
1977). If conditions are arranged that facilitate successful completion of the task 
or behaviour, social persuasion can provide additional self-efficacy increases 
(Bandura, 1977).  
Integration into the intervention. Social persuasion was integrated into 
the intervention in several ways: Participants were encouraged to inform their 
friends and family about their exercise goals, which should have generated praise 
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for successful exercise behaviour. Information about exercise intensity and 
duration was provided to participants, which should have modified their own 
expectations of their ability to exercise (Mcauley et al., 2003). 
Physiological experiences. According to Bandura (1977), physiological 
experiences are the physical responses elicited by a behaviour or task. He states 
that when a negative physiological response occurs as the result of attempting a 
challenging task, the individual may begin to question their ability to perform the 
task, which will have a negative effect on their self-efficacy beliefs (Bandura, 
1977; McAuley et al., 2003). For example; a person begins a regular running 
routine but experiences shortness of breath and lactic acid build up; two 
physiological states that are quite unpleasant. The individual may now question 
their ability to perform the running task due to the fact that they cannot do it 
without experiencing these unpleasant consequences. These kinds of 
experiences also function as a punishment contingency for the running 
behaviour. If the individual tries to run, but their muscles burn and they have 
trouble breathing, they probably will not want to go running a second time.  
Integration into the intervention. This intervention is targeted toward 
people who currently do little to no exercise, therefore if they attempt to 
exercise at an intensity or duration beyond their ability they are going to 
generate punishment contingencies in the form of unpleasant physiological 
experiences. Avoiding the discouraging and punishing physiological effects of 
exercise are likely to be important factors for increasing exercise behaviour and 
exercise self-efficacy scores.  Attempts were made to control the intensity and 
duration of the participant’s exercise activity by educating participants about the 
benefits of moderate intensity exercise, recommending lower durations of 
exercise, and setting low initial exercise targets. 
Major Components of the Intervention: Justification for Inclusion, and 
Implementation Strategies 
As has been previously stated, attrition is a significant issue when delivering 
interventions aimed at increasing exercise behaviour. So far there has been a 
specific focus on intervention components that will increase exercise self-efficacy, 
but it is also important to include intervention components that have been 
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shown to increase actual exercise behaviour. A review of the literature has 
shown that there are quite a few different aspects of exercise that can be 
manipulated to increase the likelihood of the participants initiating and adhering 
to exercise behaviour, along with increasing their exercise self-efficacy scores. 
These usually involve minimising the punishment contingencies that are 
associated with exercise, introducing additional reinforcement contingencies, 
and teaching the necessary skills to facilitate both of these. Punishment 
contingencies can be avoided by controlling exercise intensity, gradually raising 
the exercise requirement, overcoming common barriers (time and access to 
facilities), and making the exercise more enjoyable. Reinforcement contingencies 
can be generated for participants by; setting exercise targets, creating 
opportunities for social reinforcement, teaching scheduling skills, using proximal 
goal setting, and increasing intrinsic motivation. Justification for these 
components will be outlined in the following sections, with each being followed 
by a brief explanation of how they were integrated into the intervention. 
Prescribing moderate rather than vigorous exercise. As previously 
mentioned, regular exercise at a moderate intensity can be used effectively to 
treat depression (Dunn et al., 2002), and is recommended by the CDC (2011) and 
WHO (2010) for addressing public health concerns such as obesity, diabetes, and 
heart disease. Moderate intensity exercise has been shown to be more effective 
than vigorous intensity exercise at facilitating ongoing adherence to exercise 
programs (Peri et al., 2002). In a large scale study with varying exercise intensity 
prescriptions, the dropout rate for the vigorous intensity group was around 50%; 
almost double the dropout rate for the moderate intensity group (Sallis et al., 
1986). A possible explanation for this is that vigorous exercise can be very 
unpleasant for people who do not exercise regularly. This could be due to 
physiological experiences such as muscle pain, shortness of breath, and lactic 
acid build up. By prescribing moderate intensity exercise the effect of these 
punishing contingencies is minimised.  
One potential issue with prescribing moderate intensity exercise is that it 
can be perceived as being less effective than vigorous intensity exercise. Many 
fitness programs stress that it is important to push yourself and try your hardest. 
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Exercising in this way has been shown to be less effective than exercising at a 
moderate intensity for promoting long term adherence (Peri et al., 2002, Sallis et 
al., 1986). 
Integration into the intervention. During the intervention, participants 
were only set moderate intensity exercise targets, and were discouraged from 
engaging in any vigorous intensity exercise. Information concerning the 
detrimental effects of vigorous intensity activity and the benefits of moderate 
intensity activity was provided to them before they began, and reminders were 
given throughout the intervention. Providing information regarding the positive 
effects of moderate intensity exercise should have helped to eliminate erroneous 
beliefs concerning the need for vigorous intensity exercise. 
Slowly increasing the exercise requirement. The demographic being 
targeted for the intervention are those who currently engage in little to no 
exercise. Setting high initial requirements will not be effective, as there will be no 
initial history of reinforcement associated with the exercise behaviour for these 
people. A better approach would be to slowly increase the response requirement 
so that a history of reinforcement can be established. As positive reinforcement 
contingencies are created by meeting personal goals, achieving set targets, and 
building social support, the participant’s exercise self-efficacy scores should 
increase. This increase in self-efficacy will increase the participant’s resilience to 
setbacks and failures (Bandura & Cervone, 1986; Locke & Latham, 1990). As self-
efficacy increases and a history of reinforcement is established, the exercise 
duration can be progressively increased. As the participant progresses through 
the intervention stages, they will begin to learn the goal setting and scheduling 
skills required to help them manage higher response requirements.  
Integration into the intervention. Even though moderate intensity 
exercise causes less physical discomfort than vigorous exercise, participants with 
no exercise history may still experience aversive physiological effects when 
exercising at a moderate intensity. This can be mitigated by slowly increasing the 
exercise requirement; as their fitness increases, they will be able to exercise for 
longer, with fewer unpleasant physiological consequences. As the intervention 
progresses, self-efficacy should also increase. Increases in self-efficacy should 
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decrease the negative outcomes of failing to meet goals, and can cause these 
failures to motivate rather than discourage the participant (Bandura & Locke, 
2003). This means that targets and tasks can be increased as the intervention 
progresses, because as self-efficacy increases, potential failures will be less likely 
to result in decreased exercise participation. 
The initial targets for participants to meet were based on their baseline 
exercise data. This was to ensure that they did not start out with an unrealistic 
target that they will fall short of. For each stage the target was be increased by 
only 20 minutes; which should have decreased punishment contingencies 
associated with excessive exercise, provided additional reinforcement 
contingencies via goal achievement, and increased exercise self-efficacy scores 
via mastery experiences. 
Social support. The presence of social support has been shown to have a 
significant effect on increases in exercise self-efficacy scores (McAuley, Jerome, 
Marquez, Elavsky, & Blismer, 2003) and attendance rates within a structured 
exercise program (Fraser & Spink, 2001). The more support and encouragement 
that people get from those in their home and workplace, the more likely they are 
to engage in exercise behaviour (King, Taylor, Haskell, & DeBusk, 1990; Hovell et 
al., 1991; Hovell et al., 1989). This is true for both initiation and maintenance of 
exercise behaviour (Hooper & Veneziano, 1995).  Exercising with a partner who is 
able to provide support and encouragement results in better adherence than 
exercising alone (Wallace, Raglin, & Jastremski, 1995).  
These results show that increasing social support is an effective way to 
increase exercise behaviour, increase exercise self-efficacy scores, and promote 
higher levels of adherence. Therefore encouraging people to exercise with 
friends and emphasizing social aspects of physical activity interventions will be 
effective ways of improving exercise adherence (Sherwood & Jeffery, 2000).  
Integration into the intervention. Social support was incorporated into 
the intervention by assigning simple tasks for the participants to complete; 
telling a friend about exercise successes, asking somebody to help motivate you 
to stick to your scheduled exercise days, and posting on social media sites about 
your successes. This should have created opportunities for praise from peers, 
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encouraged exercising with others, and generated social expectations concerning 
their exercise behaviour. 
Scheduling: Bridging the intention-action gap. Scheduling is a skill that 
seems to be very important for increasing exercise adherence. According to 
Gollwitzer (1999), intentions to exercise do not reliably translate into actual 
exercise behaviour; making a decision to exercise does not mean that you will 
actually do it. The relationship between intention and behaviour is mediated by 
the presence of planning skills; if specific implementation intentions are made 
concerning when, where, and how a person is going to exercise, it is more likely 
that they will initiate and maintain their exercise behaviour (Gollwitzer, 1999). 
Scheduling when where and how to exercise is a type of implementation 
intention. Implementation intentions are self regulatory skills that can be used to 
increase the likelihood of overcoming barriers to the target behaviour (Gollwitzer, 
1999). The usefulness of incorporating implementation intentions such as 
scheduling into an intervention has been shown in a recent series of longitudinal 
studies (Schwarzer, Luszczynska, Ziegelmann, Scholz, & Lippke, 2008).  
Implementation intentions are an important mediator in the relationship 
between goal setting and goal achievement; a meta-analysis has shown that 
when goal setting was combined with implementation intentions it was much 
more likely for the goal to be achieved (Gollwitzer & Sheeran, 2006). This is 
important because goal setting is a commonly used strategy to promote physical 
exercise adherence. If scheduling is not utilised, then the beneficial effects of 
goal setting may be diminished. Similar results were found in a study examining 
the role of action planning in maintaining physical exercise adherence (Sniehotta, 
Scholz, & Schwarzer, 2005); behavioural intentions did not necessarily predict 
exercise behaviour, but action planning was strongly predictive of exercise 
adherence and mediated the relationship between intention and behaviour. The 
definition of action planning is very similar to that of implementation intentions; 
making a plan concerning when, where, and how you are planning to exercise 
(Sniehotta et al., 2005).  
Exercising to address health risks can be thought of as goal setting. Many 
traditional exercise interventions try to use health risk perception to motivate 
21 
 
 
 
people to engage in exercise (Dishman, 1994). This is a problem because risk 
perception has been shown to be ineffective at predicting exercise behaviour 
(Dishman, 1994; Weinstein, 2003). If knowing about the health risks of a 
sedentary lifestyle was enough by itself to initiate and maintain maintenance of 
exercise behaviour, it would be a lot easier for people to stick to an exercise 
program. Even if a person were to state their intention to start exercising and set 
a goal for them self, such as lowering blood pressure or losing weight, this goal 
intention alone is usually not enough to initiate or maintain exercise behaviour. 
Additional skills such as action planning are needed for an exercise program to 
be effective (Gollwitzer & Sheeran, 2006; Schwarzer et al., 2008). Collectively, 
these results show that implementation intentions such as scheduling are an 
important part of mediating the relationship between intentions to exercise, and 
actual exercise behaviour. They can also be used to increase the effectiveness of 
goal setting. 
Integration into the intervention. Teaching self regulatory planning skills 
to participants should be a useful way to increase their chances of maintaining 
adherence to an exercise routine. Action planning involves specifying the when, 
where, and how of the specified activity. Scheduling times for performing 
exercise is a type of action planning that was incorporated into the intervention. 
Assigning a simple scheduling task with a small reinforcement contingency for 
each stage of the intervention should help to bridge the intention-behaviour gap, 
and should result in participants being more likely to meet set exercise targets. 
Proximal goal setting. The effectiveness of goal setting for increasing 
exercise behaviour was called into question in the preceding section, but 
research has shown that different types of goal setting are differentially effective 
for certain stages of exercise behaviour: Bandura and Schunk (1981) found that 
setting long term goals (distal goal setting) can be useful for initiating behaviour, 
but does not seem to be very helpful with long term adherence. They also found 
that setting short term, immediately achievable goals (proximal goal setting) is 
much more effective than setting distal goals for increasing self-efficacy, mastery 
of task related skills, and intrinsic interest in tasks. 
22 
 
 
 
Similar results were found in a study by Wilson and Brookfield (2009) in 
which they examined the effect that goal setting had on interest, enjoyment, and 
adherence in a six week exercise intervention. They found that exercisers who 
set proximal goals reported higher levels of interest and enjoyment than those 
who set distal goals, or no goals. This is important because increased enjoyment 
and interest in exercise behaviour should promote increased subsequent 
responding. At the beginning of the study, those who set proximal goals had 
significantly higher adherence during the intervention than the control group, 
and similar adherence to those who set distal goals. At three and six month 
follow ups, the proximal goal setting group had much higher adherence than the 
distal goal setting group. There was no difference between the distal goal setting 
group and the control group at three and six months (Wilson & Brookfield, 2009). 
These findings show that setting long term distal goals can be used effectively to 
initiate exercise behaviour, but that proximal goal setting is more useful for 
increasing long term exercise adherence. 
Goal setting is important, but there are also moderating factors which can 
increase the effectiveness of goal setting. The usefulness of implementation 
intentions has already been discussed, but it is also important to include 
appropriate feedback on progress (Bandura & Cervone, 1983). The presence of 
feedback enables comparisons to be made between goals and actual 
performance. Without these comparisons goal setting is a lot less effective. The 
inverse is also true; feedback without goals to measure it against does not seem 
to be very effective at increasing subsequent performance with exercise tasks 
(Bandura & Cervone, 1983). 
When both goals and feedback are present, subsequent task 
performance increases most when the actual performance is reasonably close to 
the set target or goal. When performance falls considerably short of the set goal, 
it can result in lowered self-efficacy, and poorer subsequent performance 
(Bandura & Cervone, 1983). These results indicate that proximal goal setting is 
useful for initiation and maintenance of exercise behaviour, while distal goal 
setting is only useful for initiation. Furthermore, to maximise the effectiveness of 
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goal setting, appropriate feedback should be provided concerning goal 
achievement. 
Integration into the intervention. Proximal goal setting has the potential 
to be a useful intervention component for both initiation and maintenance of 
exercise behaviour. Proximal goal setting was implemented into the intervention 
in two ways: Realistic, achievable goals were set for the participants in the form 
of weekly exercise targets, and a proximal goal setting task was set so that the 
participants acquired the skills to start setting their own proximal goals.  
To minimise dissonance between goals and performance the set exercise 
targets needed to be realistic and achievable. Setting initial targets based on 
current baseline responding ensures that they are not too high, and increasing 
the requirement in small amounts as the stages progressed should ensure that 
there will not be a large dissonance between targets and the participant’s ability 
to meet them. When setting their own proximal goals, participants should be 
trained to make sure that they are achievable, and inherent to the exercise 
activity itself. This was accomplished by explaining to participants that self-set 
proximal goals must be inherent to the activity being performed, realistic, and 
achievable within the session. 
Overcoming common barriers: Access to facilities and time constraints. 
Prior research has shown that the most common environmental barriers to 
exercise are time and access to facilities (Dishman, 1991). Lack of time is the 
most prevalent reported reason for participants dropping out of clinical exercise 
programs (Dishman, 1991). Convenience of the exercise setting has been shown 
to discriminate between initiation of and adherence to exercise programs 
(Dishman, 1991; Shephard, 1987; Sherwood & Jeffery, 2000). Access to home 
based exercise equipment was shown to be a strong predictor of exercise 
adoption (Williams et al., 2008). 
Overcoming these common barriers is an important step in promoting 
long term adherence. A useful strategy for doing this involves encouraging the 
participant to perform short duration lower intensity activities that can be 
incorporated easily into their daily routine (Sherwood & Jeffery, 2000). Shorter 
bouts of exercise have been shown to promote better long term adherence and 
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participation than longer bouts (Jakicic, Wing, Butler, & Robertson, 1995), which 
further supports the usefulness of encouraging integration of shorter duration 
lower intensity exercise into the daily routine of people who want to start 
exercising.  
Integration into the intervention. Encouraging participants to engage in 
multiple shorter bouts of exercise should be a good way to overcome the time 
constraints of a busy lifestyle. Using this strategy will remove the need for 
participants to set aside large blocks of exercise time. Because the activities are 
being incorporated into the daily routine there will be no need for specialised 
facilities, which means that access to facilities will not be as much of an issue. 
These strategies were incorporated into the intervention in several ways: 
Throughout the intervention information was given to the participants regarding 
the effectiveness of shorter bouts of exercise, examples were provided 
concerning ways that everyday activities can be replaced with exercise, and tasks 
were given to participants to get them to replace an everyday activity with an 
exercise activity, such as walking or cycling instead of driving, doing housework 
more vigorously, and doing vigorous yard work. 
Intrinsic and extrinsic motivators. Intrinsic motivators such as 
competence, social interaction, and enjoyment have been shown to be much 
better predictors of exercise adherence than extrinsic motivators such as weight 
loss, fitness, and appearance (Ryan, Frederick, Lepes, Rubio, & Sheldon, 1997). 
Usually when people start exercising, their behaviour is driven by extrinsic 
motivators, such as health and appearance. These extrinsic motivators can be 
enough to initiate the exercise behaviour, but unless other contingencies are 
introduced, over time adherence will decrease (Williams et al., 2008). Extrinsic 
goals such as health and appearance are necessary for adoption of exercise 
behaviour, and predict adherence during the first stages of an exercise program, 
but intrinsic motivators such as satisfaction and enjoyment are required for 
ongoing adherence (Williams et al., 2008).  
Integration into the intervention. The purpose of this intervention was to 
facilitate long term maintenance of exercise behaviour. Introducing intrinsic 
motivators should be an effective way to achieve this. Enjoyment, satisfaction, 
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competence, and social interaction are able to be incorporated into the 
intervention in many ways: Participants were encouraged to seek out activities 
that they like to do, rather than setting a specific type of exercise, which should 
result in increased enjoyment of the activity. Satisfaction can be increased by 
incorporating proximal goal setting into the intervention, and setting up 
achievable targets and tasks to be completed. Increased competence should 
occur due to mastery experiences, which will be facilitated by the low response 
requirement for the targets, and use of proximal goal setting. Social interaction 
was encouraged by the tasks that increase social reinforcement contingencies. 
Expected Outcomes 
By incorporating all of these components into an email delivered physical 
exercise intervention, it may be possible to develop an automated program to 
increase exercise behaviour that is based on relevant psychological theory. The 
expected outcomes of this study are that there will be a significant increase in 
exercise behaviour from baseline to intervention phase. The intervention will 
cause a significant increase in the exercise self-efficacy scores of the participants. 
Completion of the various tasks will be predictive of increases in exercise self-
efficacy scores, and number of targets met. Adherence to the set targets will be 
predictive of exercise self-efficacy score increases. Adherence to moderate 
intensity exercise will be predictive of higher exercise self-efficacy score 
increases. 
Specific outcome expectations are that: (a) Time spent exercising will be 
significantly higher post intervention, (b) exercise self-efficacy scores will be 
significantly higher post intervention, (c) the intervention phase will account for 
the increase in exercise behaviour and exercise self-efficacy scores, (d) number 
of tasks completed will correlate with number of exercise targets met, (e) 
number of tasks completed will correlate with higher exercise self-efficacy score 
increases, (f) adherence to targets will correlate with higher exercise self-efficacy 
score increases, and (g) adhering to the prescription of moderate intensity 
exercise will correlate with higher exercise self-efficacy score increases.  
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Method 
Design 
The study was run as a non-concurrent multiple baseline across 
participants design. The baseline lengths varied (3 – 6 weeks), as did the baseline 
and intervention start dates. This allowed for good control of potential 
confounds with a limited sample size. 
Ethical Considerations 
Ethics approval for this study was granted by the University of Waikato 
Psychology Research and Ethics Committee on the 8th of May 2014. Informed 
consent was obtained from all participants. 
Participants 
Nine participants (male = 2, female = 7) took part in this study. They were 
undergraduate students, postgraduate students, and working professionals. Ages 
ranged from 18 to 34 (mean age 23.11 years). All of the participants were native 
English speakers, and had no reported health problems that would have 
impaired them from performing moderate intensity physical exercise. 
Recruitment 
Participants were recruited via two different methods; an undergraduate 
email database, and posters advertising the study. The undergraduate email 
database included students who had expressed an interest in taking part in 
university research projects. The email contained a copy of the recruitment 
poster, and a short explanation of the study. The posters were put up on various 
notice-boards around the university campus. 
Specific recruitment criteria were used to ensure that the correct 
demographic were being targeted: Potential participants must currently take 
part in little to no exercise, have no health problems that would impair their 
ability to exercise, and have a desire to incorporate exercise into their lifestyle. 
This was important because the intervention is designed to promote exercise 
behaviour for those who currently perform little to no exercise. No other reward 
or incentive was offered for taking part in the study to ensure that the primary 
reason for participation was increasing their own exercise frequency 
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Description of Measures 
Exercise Self-Efficacy Scale (ESES). The ESES (Bandura, 2006) is an 18 item 
self-efficacy questionnaire that measures perceived ability to engage in exercise 
three or more times per week (see Appendix A). Participants were presented 
with 18 different conditions, and for each one they were asked to rate how 
confident they are that they can perform their exercise routine regularly. Some 
examples of the conditions are “when I am feeling tired”, “during bad weather”, 
and “when I am feeling anxious”. The items are rated using an 11 point scale 
ranging from 0 – 10, with 0 being ‘cannot do at all’, 5 being ‘moderately can do’, 
and 10 being ‘highly certain can do’. The original questionnaire used a scale of 0 
– 100. This has been modified to a 0 – 10 scale for ease of use with no impact on 
test validity (Everett, Salamonson, & Davidson, 2009). 
Several other exercise self-efficacy scales have been developed since the 
ESES was first used. Most of these have been attempts to create more 
parsimonious tests by limiting the number of items. The decision to use the 18 
item ESES for this study was made primarily because of how general it is. This 
exercise program is not aimed at a particular social, cultural, ethnic or age group, 
therefore a generalised measure of exercise self-efficacy is preferable to a more 
focused one that may be too sensitive to differences across demographic 
variables. 
Validity for the ESES has been shown across a diverse range of 
populations. Validity was excellent when used with a sample of Australian 
cardiac rehabilitation patients; the ESES was able to accurately discriminate 
between different levels performance on a walking task. Changes in ability 
(distance walked) during the study were reflected in changes in scores on the 
ESES (Everett et al., 2009). Similar results were found with a sample of Korean 
adults with chronic diseases (Shin, Jang, & Pender, 2001), as well as a general 
sample of Korean adults (Young & Cardinal, 2009), a Dutch sample with spinal 
cord injuries (Nooijen et al., 2013), and a sample of diabetic Iranian women 
(Noroozi et al., 2011). These studies show that the ESES can be used effectively 
with a broad range of people. Adequate test-retest reliability was shown by 
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Noojien et al. (2013); an intra-class correlation coefficient of 0.81 was found 
across two administrations, two weeks apart. 
 Physical activity. Exercise intensity was broken down into three levels of 
intensity; light, moderate, and vigorous.  Participants were shown how to 
discriminate between the different intensities in the initial recruitment interview. 
This was done by providing them with a list of example activities for each 
intensity, and teaching them how to use the ‘talk test’ as outlined by the WHO 
(2014c) and CDC (2011). A printout with this information was given to them for 
reference purposes during the initial interview (see Appendix B). 
Baseline measures. Baseline physical activity measures consisted of 
weekly surveys which were emailed to the participants. To improve reliability of 
the data, paper forms were used by the participants to track their daily exercise 
intensity and duration (see Appendix C). Baseline duration ranged from 3 – 6 
weeks. The duration was dependent upon the stability of the exercise behaviour, 
and the staggered intervention starting requirement. 
Intervention measures. Intervention physical activity measures were 
similar to those of the baseline phase; paper forms were used for day to day 
recording (see Appendix D). A weekly email survey was used to track exercise 
activity, task completion, and target completion (see Appendix E). Targets for 
each stage were included for the intervention phase; these were initially set 
based on the averaged baseline activity and increased by twenty minutes for 
each successive stage. 
Participants were required to complete a series of tasks throughout the 
intervention phase. These were designed to teach helpful skills, and introduce 
additional reinforcement contingencies. Task completion was also recorded via 
email survey (see Appendix E).  
Summary of measures. ESES1, ESES2, ESES3, target completion, baseline 
exercise activity, intervention exercise activity, intervention task completion, and 
exercise intensity. 
Materials and Apparatus 
Materials used for recruitment and the initial interview were a 
recruitment poster (see Appendix F), a standard consent form (see Appendix G), 
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information regarding how to measure exercise activity (see Appendix B), and 
the initial ESES survey form (see Appendix A). 
Materials used for the baseline phase were the baseline exercise 
recording sheets (see Appendix C for example), baseline survey emails (see 
Appendix H for example), and the second ESES survey (see Appendix A). 
Materials used for the intervention phase and post program debrief were 
the intervention exercise recording sheets (see Appendix D), the intervention 
stage feedback and target emails (see Appendix I for example), the intervention 
survey emails (see Appendix E for example), the third ESES survey (see Appendix 
A), and a personalised debriefing email explaining their results to them. After the 
participant had completed the intervention, they were sent a post program email 
which included several items to help them maintain their exercise program; a 
post program information sheet (see Appendix J), and a post program exercise 
recording sheet (see Appendix K).  
Apparatus required for participation in the study were a computer with 
internet access, and a valid email address. Google forms were used to generate 
the surveys that were emailed to participants. 
Procedure 
Recruitment interview. The purpose of this interview was to ascertain 
participant eligibility for the study, give an overview of the purpose of the study, 
and explain what would be expected of them if they decided to participate. This 
involved asking them about their current exercise behaviour and physical health 
to make sure that they met eligibility criteria.  
The complete procedure was explained in detail, including; an 
explanation of the baseline and intervention phases, an outline of the 
components of the study and their purpose, and an explanation concerning how 
to correctly fill out the recording forms and survey emails. They were then asked 
if they were still interested in participating. If so, their rights as participants were 
explained to them, and if they wanted to participate they were required to sign a 
consent form (see Appendix G). 
A folder with the various recording forms and an information sheet was 
given to participants after they had agreed to participate. This included an 
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operational definition of the various exercise intensities, information on how to 
judge their exercise intensity (see Appendix B), and the various exercise 
recording forms (see Appendices C and D for examples). 
An opportunity was then provided for participants to raise questions or 
concerns. Following this, they were asked to fill out the pre-baseline Exercise 
Self-Efficacy Scale (see Appendix A). 
Baseline phase. The initiation date and duration of the baseline phase 
were assigned according to the order in which the participant signed up to 
participate in the study. Some flexibility was allowed for cases in which 
additional time was needed to obtain a stable baseline. The minimum duration 
was three weeks, and maximum was six weeks. A variety of different 
combinations of start date and duration were set, with one week separating the 
start dates, and either three, four, five, or six weeks assigned for the baseline 
duration. Due to time constraints, the baseline phase was terminated at six 
weeks regardless of whether responding was stable. 
Data were delivered by the participants via self report; at the end of each 
week an online email survey was sent to the participant (see Appendix H for 
example). The survey required participants to specify the time spent exercising 
each day, and the level of exercise intensity. To assist with accurate reports, they 
were given paper recording forms to keep track of their daily exercise behaviour 
throughout the week (see Appendix C). The individual baseline exercise data 
were averaged, and this average was used to set the exercise targets to be used 
in the intervention. 
Pre intervention email. After participants had completed the baseline 
phase, they were sent an email communication. The purpose of this email was to 
give participants an opportunity to raise any questions or concerns, remind them 
of the intensity criteria, provide information about the specifics of the 
intervention phase, and administer the second Exercise Self-Efficacy Scale (see 
Appendix A). The goals and targets for the first intervention phase were listed at 
the bottom of this email. 
Intervention phase. This phase consisted of five separate stages. 
Expected time for completion of this phase was six to eight weeks. This varied 
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across participants because progression to the next stage was contingent on the 
participant returning their completed survey for the previous stage. 
Participants were sent emails containing exercise targets, and tasks to 
complete. The exercise targets were an allocated amount of time that they had 
to spend exercising within a seven day period. The target requirements were 
increased by twenty minutes for each stage.  The purpose of the various tasks 
was to teach useful skills that have been shown to increase exercise adherence, 
and introduce additional reinforcement contingencies. Specifics of the target and 
task requirements can be seen in the emails that were sent to the participants at 
the beginning of each stage (see Appendix I for example). 
Feedback was provided via graphs embedded in the stage emails. The 
graphs contained the participant’s targets, intervention, and baseline data. 
Included in the email were either congratulatory messages for successfully 
meeting targets or motivational messages and helpful tips when they failed to 
meet targets. 
Data collection for the intervention phase was similar to that of the 
baseline phase; each participant received a survey request email seven days after 
they were sent their stage email containing the targets and tasks. If five days had 
passed without a response, a reminder email was sent. Task completion was also 
recorded in the intervention survey forms, along with a check box to signal 
completion of the stage target (see Appendix E for example).  
Post program email. After the participant had completed the 
intervention phase, they were sent a follow up email. The purpose of this email 
was to address any questions or concerns they might have, report their overall 
results, provide them with a post program exercise recording sheet (see 
Appendix K), and provide strategies that would enable them to continue their 
exercise routine (see Appendix J). A summary of their exercise activity and ESES 
scores was provided, with an explanation of what the results mean. Participants 
were asked whether they wished to receive a summary of the findings once the 
study was completed. 
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Data Analysis 
Measures used in analysis. (a) Number of targets met, (b) average time 
spent exercising per week during baseline, (c) average time spent exercising per 
week during intervention, (d) average increase in time spent exercising from 
baseline to intervention, (e) total positive deviation from exercise targets during 
intervention, (f) total negative deviation from exercise targets during 
intervention, (g) minutes of vigorous intensity exercise during intervention,  
(h)scheduling task completion, (i) social task completion, (j) goal setting task 
completion, (k) ESES 1 – 2 difference (baseline effect), (l) ESES 2 – 3 difference 
(intervention effect), and (m) ESES 1 – 3 difference (cumulative effect). 
T-test overall. The overall averaged baseline exercise data and averaged 
intervention exercise data were compared via a repeated measures t-test to 
ascertain whether there was a significant increase in time spent exercising 
between the two different phases across all participants. 
T-test individual. Repeated measures t-tests were performed on the 
individual baseline exercise data and individual intervention exercise data for 
each participant to ascertain whether the intervention had a significant effect on 
time spent exercising for each participant. 
Linear regression to show trend differences. Linear regression was used 
to show the overall difference in trend between the baseline and intervention 
exercise times. A regression line was calculated separately for the baseline and 
intervention phases based on the collated data for all participants. The un-
standardised coefficients were compared to ascertain whether the slopes were 
different. This was an appropriate test to use because the units were identical 
across the two phases, it allowed for a straightforward measure of linear trend, 
and it provided exact information regarding the ratio increase across weeks. 
ANOVA. A repeated measures analysis of variance (ANOVA) was 
performed on the three ESES measures to ascertain whether there were any 
significant differences between them. Post-hoc pairwise comparisons were 
conducted to identify where any identified differences lay. 
Correlations. Several variables were tested against each other for 
correlation to ascertain which components of the exercise program were the 
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most and least effective at increasing exercise self-efficacy scores, and helping 
the participant to meet their exercise targets. The Spearman rank order test for 
correlation was used to compare measures of target completion with; ESE 
intervention effect (ESES 2 – 3), average exercise increase from baseline to 
intervention, average time spent exercising during baseline, average time spent 
exercising during intervention, positive deviation from targets, negative 
deviation from targets, amount of vigorous activity performed, goal setting task 
completion, social task completion, and scheduling task completion. 
The same test was used to compare the difference in scores between 
ESES 2 and ESES 3 (the intervention effect) with; number of targets met, average 
exercise increase from baseline to intervention, average time spent exercising 
during baseline, average time spent exercising during intervention, positive 
deviation from targets, negative deviation from targets, amount of vigorous 
activity performed, goal setting task completion, social task completion, and 
scheduling task completion. 
These variables that the two main outcome measures were correlated 
against were selected because they reflect aspects of the intervention that have 
been discussed in the introduction as being likely to increase the likelihood of 
participants initiating an exercise routine, and maintaining their exercise 
behaviour long term. 
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Results 
Exercise Data 
Figure 1 includes a graph for each participant that shows their minutes 
spent exercising on the y axis, and the progression by weeks through the 
baseline and intervention phases on the x axis. Baseline data points and 
indicated by a diamond marker, intervention data points are indicated by a 
square marker, and the targets set for the participant during the intervention are 
indicated by a cross marker. Week one on the x axis was the same calendar week 
for all participants, this shows how the baseline start dates were staggered. The 
vertical dashed line indicates the week that each participant started the 
intervention, and shows how the intervention start dates were staggered. The 
differences between the intervention data points and target markers show the 
participant’s deviations from the program targets during the intervention phase. 
Most participants recorded no baseline exercise activity, with the 
exception of Participants 6 and 8 who recorded quite high baseline exercise 
activity. Participants 4 and 11 performed some exercise during one of the 
baseline weeks, but had no activity for the majority of the baseline phase. There 
was a marked increase in exercise activity from baseline to intervention for most 
participants; with the exceptions being Participants 8 and 10. Participant 8 had 
an overall increase, but showed a lot of variability across weeks during both 
baseline and intervention. Participant 10 started out on the intervention phase 
with steady increases, but reverted back to baseline levels as the intervention 
progressed. For most participants the difference in trend from baseline to 
intervention is quite obvious, with the exception of Participants 6 and 8. There 
was a slight increase in the upward trend for Participant 6, and no systematic 
change in trend observed for Participant 8.  
Table 1 shows the number of minutes spent exercising for each week 
during the baseline phase. Week 1 as shown in the table refers to the week that 
the participant started the baseline phase, which was not the same calendar 
week for all participants; this can be seen presented graphically in Figure 1. Most 
participants performed no exercise during the baseline phase. Participants 4 and 
35 
 
 
 
11 performed a small amount during one of the weeks, and Participants 6 and 8 
performed quite a lot more than the others. 
Table 2 shows the number of minutes spent exercising for each week 
during the intervention phase, and the total positive and negative deviation in 
minutes spent exercising from the set targets for each participant. Targets varied 
according to baseline exercise activity. Most participants exercised at a low 
enough frequency during baseline to have the default targets set for them, with 
the exception of Participants 6 and 8 who had recorded higher baseline exercise. 
An asterisk is used to indicate when the participant failed to meet the target for 
that stage.  
Exercise Data Summary 
Table 3 shows the average number of minutes spent exercising per week 
for the baseline and intervention phases. The difference between these two is 
shown as the average change in exercise behaviour between the two phases. The 
average of the set weekly targets during the intervention was 51 minutes for all 
participants except 6 and 8 who both had higher baseline responding. Detailed 
data showing the baseline and intervention exercise duration, including whether 
targets were met, are available in Table 1, and Table 2. These data show that for 
most participants, there was a fairly large change in the amount of exercise 
performed between the baseline and intervention phases. Most of the 
participants achieved an average exercise increase which was higher than the 
average of the targets. 
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Figure 1.  Time spent exercising per week for baseline and intervention phases across all 
participants, targets for intervention phase are included.   
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Table 1 
Minutes spent exercising per week during the baseline phase for each participant. 
Participant Week 1* Week 2 Week 3 Week 4 Week 5 Week 6 
1 0 0 0 0 0 - 
3 0 0 0 - - - 
4 60 0 0 0 0 - 
6 30 30 46 75 75 76 
7 0 0 0 0 - - 
8 90 55 20 270 180 180 
9 0 0 0 - - - 
10 0 0 0 0 - - 
11 0 100 0 0 0 0 
*Week 1 as shown in this table is not the same calendar week for each participant; it is the 
week that they started the baseline phase. See Figure 1 for information on how the baseline 
start dates were staggered. 
 
Table 2 
Minutes spent exercising per week during the intervention phase and total positive and negative 
deviation from targets for each participant. 
Participant Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Total 
Positive 
deviation 
from 
targets 
Total 
Negative 
deviation 
from 
targets 
1 20 (15) 15* (30) 30* (50) 45* (70) 120 (90) 35 60 
3 40 (15) 30 (30) 50 (50) 75 (70) 100 (90) 40 0 
4 120 (15) 100 (30) 60 (50) 140 (70) 150 (90) 315 0 
6 80 (65) 65 (80) 115 (100) 125 (120) 170 (140) 70 15 
7 20 (15) 30 (30) 50 (50) 180 (70) 180 (90) 205 0 
8 165 (145) 110* (160) 220 (180) 320 (200) 100* (220) 180 170 
9 20 (15) 40 (30) 50 (50) 70 (70) 90 (90) 15 0 
10 30 (15) 60 (30) 60 (50) 25* (70) 0* (90) 55 135 
11 0* (15) 255 (30) 310 (50) 453 (70) 200 (90) 978 15 
Targets for each stage are shown in brackets, failures to meet the stage targets are indicated by 
an asterisk. 
  
38 
 
 
 
Table 3 
Average minutes spent exercising per week for baseline phase, and intervention phase. The 
average increase from baseline to intervention, and average of set targets for each participant.  
Participant Baseline 
Average 
Intervention 
Average 
Average 
Change 
Average of 
Targets 
1 0 46 +46 51 
3 0 59 +59 51 
4 12 114 +102 51 
6 55.33 111 +55.67 101 
7 0 92 +92 51 
8 132.50 183 +50.50 181 
9 0 54 +54 51 
10 0 35 +35 51 
11 16.66 243.60 +226.94 51 
 
 T-tests: Change in Exercise Time from Baseline to Intervention for Each 
Participant 
Table 4 shows the results of a series of paired t-tests comparing minutes 
spent exercising during baseline, and minutes spent exercising during 
intervention for individual participants. The test groups were paired by matching 
the participant’s baseline data to their intervention data according to week. Due 
to the nature of the experimental design, the number of baseline weeks and 
number of intervention weeks was not equal for many participants. This was 
accounted for by manipulating the number of baseline phase data points so that 
they could be matched with the five intervention phase data points. Fortunately 
the only participants who required additional data to be added to their baseline 
phase had perfectly stable baseline exercise data. Participants 6 and 8 had six 
baseline data points, so for each of these a data point needed to be removed to 
match the intervention data. The lowest baseline exercise data point was 
removed to minimise the chance of data manipulation resulting in a type I error. 
For most participants, there was a significant difference in minutes spent 
exercising between baseline phase and intervention phase. Exceptions were 
Participants 1, 7, and 8. Participants 1 and 7 were only just outside the 5% 
confidence limit, with p values of .075 and .064 respectively. There was no 
39 
 
 
 
significant difference between baseline and intervention average exercise time 
for Participant 8. A high effect size was observed for all participants except 
Participant 8, who had a low effect size. 
Table 4 
Paired t-test results comparing time spent exercising during baseline and intervention for 
individual participants. 
Participant t df p d 
1 -2.40 4 .075 1.70 
3 -4.65 4 .009 3.29 
4 -5.35 4 .006 3.78 
6 -4.13 4 .014 2.92 
7 -2.54 4 .064 1.80 
8 -0.38 4 .721 0.27 
9 -4.47 4 .011 3.16 
10 -3.07 4 .037 2.17 
11 -2.94 4 .042 2.08 
 
T-test: Overall Change in Exercise Time from Baseline to Intervention 
A paired t-test was performed on the grouped baseline and intervention 
exercise data to test for overall change in exercise time from the baseline to 
intervention phase. The data for the paired groups consisted of the average time 
spent exercising during the baseline phase and intervention phase for each 
participant. A significant difference in minutes spent exercising between the 
baseline phase (M=34.67) and intervention (M=125.58) phase was found; t(8) = -
4.06, p = .003, d = 2.87. The intervention phase was higher than the baseline 
phase, with a difference between means of 80.12. The effect size was large. 
Detailed data of each participant’s exercise data for both phases can be seen in 
Table 1 and Table 2. 
Trend Differences from Baseline to Intervention 
Table 5 shows the difference in trend between the baseline and 
intervention phase for overall participant data. Generalized linear regression was 
used to test whether there was a difference in the slope for time spent exercising 
between the phases. A regression line was calculated separately for the baseline 
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and intervention phases based on the grouped data from all participants. 
Comparing the slope co-efficient from one data set against the other should 
indicate whether one of the phases has a steeper slope than the other, and is 
therefore trending upward relative to the other phase. The beta value (b1) is the 
slope co-efficient; it refers to the average increase in time spent exercising for 
each successive week of the phase, a higher number reflects a steeper slope. 
There was no significant increase in time spent exercising per week during the 
baseline period; b1 = 7.96, p = 0.20. There was a significant increase of 21.76 
minutes in time spent exercising per week during the intervention period; b1 = 
21.76, p = 0.02.These results show that there was a significant upward trend for 
time spent exercising during the intervention phase, and no significant trend 
observed in either direction during the baseline phase.  
Table 5 
Difference in slope between baseline and intervention phase calculated using generalized linear 
regression. 
Baseline Intervention 
b1 p b1 p 
7.96 0.20 21.76 0.02 
 
ESES Data 
Table 6 shows the scores obtained on the ESES for each participant at 
three different stages of the study; pre-baseline (ESES1), pre-intervention 
(ESES2), and post-intervention (ESES3). Baseline effect refers to the change in 
score from pre-baseline score to pre-intervention score, intervention effect 
refers to the change in score from pre-intervention score to post-intervention 
score, and cumulative effect refers to the overall change in score from pre-
baseline to post-intervention. These data show that there was a slight decrease 
in ESE scores for most participants from pre-baseline to pre-intervention, and a 
moderate increase from both pre-baseline and pre-intervention to post-
intervention. 
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Table 6 
ESES score changes across the study for each participant. 
Participant ESES1 ESES2 ESES3 Baseline 
Effect 
Intervention 
Effect 
Cumulative 
Effect 
1 4.44 3.88 2.77 -0.56 -1.11 -1.67 
3 5.33 5.05 7.16 -0.28 2.11 1.83 
4 3.05 2.44 6.72 -0.61 4.28 3.67 
6 4.33 5.27 6.55 0.94 1.28 2.22 
7 5.16 5.33 7.11 0.17 1.78 1.95 
8 6.27 5.05 5.27 -1.22 0.22 -1 
9 1.33 0.66 7.33 -0.67 6.67 6 
10 2 1.77 4 -0.23 2.23 2 
11 3.33 3.88 5.61 0.55 1.72 2.28 
 
ESES Repeated Measures ANOVA 
Table 7 shows the means and standard deviations of the participant’s 
ESES scores for the three administration times.  A repeated measures ANOVA 
was performed on these data to ascertain whether there were any significant 
differences between the scores obtained on the ESES for the three successive 
administration times. There was a significant difference between the means of 
the three ESES measures taken, and a large effect size was observed; F(1.133, 16) 
= 6.986, p = .024, p= .466. This shows that there was a significant difference 
between the means of the three ESES administrations. 
Table 8 shows the results of the post-hoc pairwise analysis of the three 
ESES administration times. There were two significant differences found 
between the means for the three administration times: ESES3 scores were 
significantly higher than ESES1 scores, t(8) = -2.53, p = .035, d = 1.20, the mean of 
the differences was 1.92, and a large effect size was observed. ESES3 scores were 
significantly higher than ESES2 scores, t(8) = -2.85, p = .022, d = 1.29, the means 
of the differences was 2.13 and a large effect size was observed. There was no 
significant difference between ESES1 scores and ESES2 scores, t(8) = -0.95, p 
= .368, d = 0.12, with a small effect size observed. 
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Table 7 
Means and standard deviations of ESES measures for three successive administration times. 
 Mean Standard Deviation N 
ESES1: Pre-Baseline 3.91 1.62 9 
ESES2: Pre-Intervention 3.70 1.71 9 
ESES3: Post-Intervention 5.84 1.58 9 
 
Table 8 
Post-hoc pairwise comparisons of ESES scores for three successive administration times. 
Pair Mean 
Differences 
t p d 
ESES3 – ESES1 1.92 -2.53 .035 1.20 
ESES3 – ESES2 2.13 -2.85 .022 1.29 
ESES1 – ESES2 0.21 0.95 .368 0.12 
 
ESES Scaled Scores 
Table 9 shows the scaled 18 item ESES scores. These have been scaled 
down so that meaningful comparisons can be made with the results obtained by 
Marcus et al. (1992) regarding use of ESE scores to predict progression through 
the stages of the TTM. The ESE measures obtained from Marcus et al. (1992) 
were based on a five item questionnaire with a seven point scale. To be 
compared meaningfully, the scores obtained in the current study were scaled 
down to what they would have been if a five item seven point ESE measure had 
been used. 
Table 10 shows the ESE score ranges that Marcus et al. (1992) found to be 
predictive of the associated stage of progression through the TTM. The scaled 
scores presented in Table 12 can be compared meaningfully against the score 
ranges outlined in Table 13 to estimate participant’s progress through the stages 
of the TTM in the current study. 
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Table 9 
Scaled 18 item ESES scores for predicting TTM stage progression for each participant.  
Participant ESES1 ESES2 ESES3 
1 14.13 12.37 8.83 
3 16.96 16.08 22.79 
4 9.72 7.77 21.38 
6 13.78 16.78 20.85 
7 16.43 16.96 22.61 
8 19.96 16.07 16.78 
9 4.24 2.12 23.32 
10 6.36 5.65 12.72 
11 10.6 12.35 17.84 
 
Table 10 
ESE score ranges for predicting TTM stage progression as outlined by Marcus et al. (1992). 
Stage ESE Score SD 
Pre-Contemplation 12.4 5.1 
Contemplation 17.7 6.2 
Preparation 18.1 5.9 
Action 21.6 6.1 
Maintenance 24.9 5.7 
 
Tasks/Targets Met and Vigorous Intensity Exercise Performed 
Table 11 shows the number of targets and tasks met for the individual 
participants. Most participants were able to meet four or five of the exercise 
targets, with only one participant scoring below three. There was quite a lot of 
variability across participants for number of tasks met. This was true for 
scheduling, social, and goal setting tasks. 
Table 12 shows the number of minutes spent performing vigorous 
intensity exercise at each stage of the intervention for each participant. Instances 
of vigorous intensity exercise were quite low, with only four participants 
exercising at this intensity, and only two of them spending more than 50 minutes 
total at vigorous intensity. 
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Table 11 
Number of targets and tasks met during the intervention stage for each participant.  
Participant Targets Met  Total Tasks 
Met 
Scheduling 
Tasks Met 
Social Tasks 
Met 
Goal Setting 
Tasks Met 
1 2 (5) 3 (11) 1 (5) 2 (4) 0 (2) 
3 5 (5) 10 (11) 5 (5) 4 (4) 1 (2) 
4 5 (5) 11 (11) 5 (5) 4 (4) 2 (2) 
6 4 (5) 11 (11) 5 (5) 4 (4) 2 (2) 
7 5 (5) 5 (11) 2 (5) 2 (4) 1 (2) 
8 3 (5) 8 (11) 5 (5) 2 (4) 1 (2) 
9 5 (5) 7 (11) 5 (5) 0 (4) 2 (2) 
10 3 (5) 3 (11) 1 (5) 1 (4) 1 (2) 
11 4 (5) 7 (11) 3 (5) 3 (4) 1 (2) 
Total number of possible targets and tasks that could have been met shown in brackets. 
 
Table 12 
Minutes spent exercising at vigorous intensity for each participant during the intervention stage. 
Participant Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Total 
1 0 0 0 0 0 0 
3 0 0 0 0 0 0 
4 0 0 0 0 0 0 
6 0 15 15 0 0 30 
7 0 0 0 0 60 60 
8 0 30 0 30 40 100 
9 0 0 0 0 0 0 
10 0 0 0 25 0 25 
11 0 0 0 0 0 0 
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Correlations 
Table 13 shows Spearman rank order correlations between the number 
of targets met during the intervention and a range of other measures including; 
ESES score change, task completion, and various measures of exercise duration 
and intensity. These data show how certain aspects of the intervention correlate 
with an increased number of targets being met during the intervention. The 
measures chosen for the correlations reflect various components of the 
intervention outlined in the introduction which were expected to increase the 
number of targets met by the participants, and their ESE scores. 
Table 13 
Spearman correlations between number of targets met, and a range of other exercise measures. 
 Number of Targets Met 
Measure rs p 
ESE change (ESES 2 – 3) 0.70 0.03 
Exercise increase from baseline to intervention 0.66 0.05 
Amount of Exercise Performed During Baseline -0.23 0.55 
Amount of Exercise Performed During Intervention 0.17 0.67 
Positive deviation from targets (minutes of exercise) 0.13 0.74 
Negative deviation from targets (minutes of exercise) -0.94 < 0.001 
Amount of vigorous intensity exercise performed -0.23 0.55 
Goal setting task completion 0.59 0.09 
Social task completion 0.26 0.49 
Scheduling task completion 0.53 0.14 
 
Table 14 shows Spearman rank order correlations between the overall 
change in ESES scores from pre-intervention to post-intervention and a range of 
other measures including; number of targets met, task completion, and various 
measures of exercise duration and intensity. These data show how certain 
aspects of the intervention are correlated with exercise self efficacy score 
changes. The measures chosen for the correlations reflect various components of 
the intervention outlined in the introduction which were expected to increase 
the number of targets met by the participants, and their ESE scores. 
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Table 14 
Spearman correlations between ESES score change, and a range of other exercise measures. 
 ESE Change (ESES 2 – 3) 
Measure rs p 
Number of targets met 0.70 0.03 
Exercise increase from baseline to intervention 0.20 0.63 
Amount of exercise performed during baseline -0.42 0.26 
Amount of exercise performed during intervention -0.23 0.55 
Positive deviation from targets (minutes of exercise) -0.1 0.81 
Negative deviation from targets (minutes of exercise) -0.62 0.07 
Amount of vigorous intensity exercise performed -0.37 0.33 
Goal Setting task completion 0.60 0.09 
Social task completion -0.17 0.86 
Scheduling task completion 0.26 0.50 
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Discussion 
Overall Increase in Exercise Behaviour 
The intervention was successful at increasing the amount of time that the 
participants spent exercising. There was significantly more exercise performed 
during the intervention phase than in the baseline phase for almost all 
participants, as shown in Figure 1 and Table 3, and a significant overall increase, 
as shown by the paired t-test for overall data. Table 2 shows that most 
participants achieved an exercise time of at least 90 minutes during a seven day 
period, which was the maximum target at stage five for those with little to no 
exercise recorded during baseline. 
  As shown in Figure 1 and Table 5, there was a significant upward trend 
observed for time spent exercising during the intervention phase, but no 
significant trend in either direction observed during the baseline phase. Exercise 
duration increased by an average of 21.76 minutes for each successive 
intervention stage, which is in line with the targets set for the intervention. This 
difference in trend across the phases shows that the difference in exercise 
behaviour was not due to an increasing trend across both the baseline and 
intervention phases, but rather that the exercise behaviour began to increase 
only after the intervention was implemented. The staggered intervention start 
dates shown in Figure 1 show that the increase in exercise behaviour coincided 
with the start of the intervention regardless of when the participant started the 
intervention or how long their baseline period was. Figure 1 and Table 1 provide 
further detail concerning the staggered start date and variable baseline duration. 
Collectively these results show that the intervention was successful at increasing 
the exercise behaviour of most participants up to the targeted level of 90 
minutes per week. 
Overall Increase in Exercise Self-Efficacy Scores 
Exercise self-efficacy was used as a measure to ascertain overall efficacy 
of the intervention, and likelihood of participants maintaining exercise behaviour 
long term. This was measured at three points during the study; pre-baseline 
(ESES1), pre-intervention (ESES2), and post intervention (ESES3). Scores obtained 
for ESES3 were significantly higher than those from ESES2 and ESES1, and there 
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was no significant difference observed between ESES1 and ESES2, as shown in 
Tables 7 and 8. The increase in scores from ESES1 and ESES2 to ESES3, the lack of 
a significant difference between ESES1 and ESES2 and the use of staggered 
starting dates and variable baseline duration collectively show that the increase 
in exercise self-efficacy scores most likely occurred as a result of the intervention.  
What do these exercise self-efficacy score changes mean? These results 
show that the intervention successfully increased the average exercise self-
efficacy scores of the participants from pre-intervention to post intervention. 
There was an average increase in exercise self-efficacy scores of approximately 
two points across all participants. Exercise self-efficacy is one of the most reliable 
predictors of long term exercise adherence (Desharnais, Bouillon, & Godin, 1986; 
DuCharme & Brawley, 1995; McAuley et al., 2003; Sherwood & Jeffery, 2000; 
Williams et al., 2008; Williams & French, 2011). An increase of this magnitude 
should increase the probability of the participants maintaining their exercise 
behaviour long term. 
An average increase of two points on the ESES has been found to be quite 
meaningful when used to predict progress through the stages of the TTM. 
Previous research has shown that exercise self-efficacy scores can reliably predict 
which stage of change a person is currently at (Kim, 2007; Marcus, Selby, Niaura, 
& Rossi, 1992). To find out how the exercise self-efficacy score increases 
obtained in this study relate to the TTM, the exercise self-efficacy scores 
obtained from a study by Marcus et al. (1992) were converted for comparison 
with Bandura’s (2006) 18 item ESES. The exercise self-efficacy measure used by 
Marcus et al. (1992) had fewer items, and was scored on a seven point scale 
rather than the 18 item 11 point questionnaire used in the current study. Scaling 
the present scores to reflect what they would have been on a five item seven 
point scale allowed the ESES scores of the current study to be meaningfully 
compared to the scores that Marcus et al. (1992) found to be predictive of stage 
progression through the TTM. These scaled 18 item ESES scores are presented in 
Table 9, and the score ranges that Marcus et al. (1992) found to be predictive of 
the stages of the TTM are shown in Table 10. 
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Comparison of the scaled ESES scores against those obtained by Marcus 
et al. (1992) showed that Participants 3, 4, 6, 7, and 9 started the intervention 
with scores that reflected the pre-contemplation or contemplation stages, and 
finished the intervention in the score range for the action and maintenance 
stages. Participant 11 progressed from the pre-contemplation to the preparation 
stage. Participant 8 started in the preparation stage and finished in the 
contemplation stage. Participants 1 and 10 both started and finished in the pre-
contemplation stage, although Participant 1’s score decreased by 1.11 while 
Participant 10’s score increased by 2.33. These results show that according to 
their self-efficacy score changes, most participants started in the first two stages 
of the TTM, and finished in the action or maintenance score ranges, which bodes 
well for the likelihood of them maintaining their exercise behaviour long term. 
Interesting Findings from Atypical Participants 
Analysis of the participant’s individual exercise behaviour shows that the 
intervention was most successful for those with lower levels of exercise 
behaviour during the baseline phase. In most cases, exercise self-efficacy score 
increases were bigger for participants who recorded little to no exercise during 
the baseline phase. When exercising was higher during the baseline phase, the 
intervention was less successful. This was most evident with Participant 8; for 
whom a paired t-test showed no significant difference between exercise 
performed during the baseline and intervention phases. The ESES results for 
Participant 8 followed a similar pattern; there was an initial decrease from 6.27 
to 5.05 over the baseline period, followed by a minimal increase from 5.05 to 
5.27 over the intervention period.  
Participant 8 had quite erratic exercising during both the baseline and 
intervention phases. They had the highest amount of vigorous activity performed 
during the intervention (100 minutes), and the highest negative deviation from 
the set targets. Even though it was quite variable, their average baseline 
responding was the highest of any participant. This resulted in them being set 
intervention targets that were significantly higher than the other participants, 
which may explain why they were only able to meet three of the five targets. Not 
achieving the set targets would have limited initial exposure to mastery 
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experiences, which are very important for self-efficacy increases (Bandura, 1977; 
Mcauley et al., 2003). They performed an excessive amount of vigorous intensity 
activity, which can decrease exercise self-efficacy due to aversive physiological 
experiences (Bandura, 1977; Mcauley et al., 2003) and introduce a punishment 
contingency that will decrease subsequent exercise behaviour (Peri et al., 2002; 
Sallis et al., 1986). The fact that they had quite high targets combined with 
variable responding and vigorous activity was a problem because meeting targets, 
achieving proximal goals, and managing negative physiological experiences are 
three important components of the intervention that this participant would not 
have been able to benefit from. In light of this, it is not surprising that this 
participant did not have any significant increase in ESES score, or exercise 
behaviour. 
Participant 6 also had higher than normal baseline responding, but for 
them the intervention was more effective than for Participant 8. They had a 
significant increase in exercise performed between the baseline and intervention 
phases. They also had a modest increase in their ESES score; an initial increase 
from 4.33 to 5.27 over the baseline period, and a further increase from 5.27 to 
6.55 over the intervention period. There were several differences between 
Participant 6 and Participant 8 that may account for this. The baseline exercise 
performed for Participant 6 was quite a lot lower than Participant 8, but was a lot 
more stable with less variation in weekly duration across the baseline and 
intervention periods. Participant 6 deviated less from the set targets, met more 
of the set targets, had better task completion, and performed much less vigorous 
intensity exercise. The difference between how these two atypical participants 
performed during the study provides further support for the efficacy of several 
components of the intervention; limiting vigorous intensity exercise, setting 
achievable targets, not deviating excessively from the targets, and setting 
achievable targets. 
Which Aspects of the Intervention Were Successful? 
There were notable differences in the target adherence, self-efficacy 
score increase, exercise duration increase, and task completion of the 
participants. The number of targets met ranged from two to five, exercise self-
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efficacy score changes ranged from -1.11 to +6.67, and overall tasks met ranged 
from three to eleven. This variance in outcome measures invites further analysis 
into which components of the intervention were most successful at increasing 
exercise self-efficacy scores, and adherence to exercise targets. 
Did meeting targets increase exercise self-efficacy scores? There was a 
significant strong positive correlation between changes in exercise self-efficacy 
scores, and number of targets met; rs(7) = .70, p = .03. This was the expected 
outcome based on prior research. Meeting set targets in this manner can be 
likened to achieving proximal exercise goals, which has been shown to be 
effective at increasing self-efficacy (Bandura & Schunk, 1981; Wilson & 
Brookfield, 2009). As participants progressed through the intervention stages, 
they were given feedback on their performance relative to their targets. This 
feedback may have allowed the participants to evaluate their performance 
relative to the targets, which has been shown to moderate the effect of goal 
setting on self-efficacy score increases (Bandura & Cervone, 1983).  
Helping participants to meet exercise targets seems to have contributed 
to increases in the exercise self-efficacy scores of the participants in this study. 
Because meeting targets requires performing exercise, this also increases 
amount of exercise performed. Incorporating proximal exercise targets with 
appropriate feedback into an automated intervention for increasing exercise 
behaviour seems to be a useful way to increase self-efficacy scores. This is a 
promising outcome in terms of long term exercise adherence because increased 
self-efficacy scores have been shown in many studies to reliably predict 
maintenance of exercise behaviour (Desharnais, Bouillon, & Godin, 1986; 
DuCharme & Brawley, 1995; McAuley et al., 2003; Sherwood & Jeffery, 2000; 
Williams et al., 2008; Williams & French, 2011).  
Unsurprisingly, there was a significant moderate positive correlation 
between the number of targets met, and average exercise increase; rs(7) 
= .66, p = .05. This is the expected outcome because without large variation 
between the amount of exercise performed across the intervention stages, 
meeting targets should result in a higher amount of exercise performed than not 
meeting targets.  
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The effect of failure to meet targets on exercise self-efficacy scores. 
There was a non significant moderate negative correlation observed between 
changes in exercise self-efficacy scores, and total negative deviation from the set 
targets in minutes spent exercising; rs(7) =-.62, p = .07. This result provides 
additional support for the usefulness of using exercise goals to increase self-
efficacy scores. It also highlights the importance of making sure that these goals 
are achievable. It seems that when set exercise goals are not achieved, there is 
no corresponding self-efficacy score increase. This is most obvious in the exercise 
data obtained from Participant 1; exercising was steady during the intervention, 
but they missed three of the five targets by a small amount, and had an overall 
decrease in their exercise self-efficacy score.  
It is important to have mastery experiences and to meet goals in the early 
stages of an exercise program, and if a participant is not meeting the targets set 
for them it is a problem with the exercise intervention rather than with the 
participant. If the targets are higher than the participant can manage, then they 
are not going to be effective for increasing self-efficacy scores. Extra 
customisability of the exercise targets would be useful if this intervention was 
going to be developed into a smartphone app. Participants should be able to set 
an initial target that they feel comfortable with and have a range of weekly 
increases to choose from. Both of these options will need to be capped at a 
reasonably low number so that optimistically high exercise targets are not 
selected. Progression to the next target should also be contingent on meeting 
the previous target. This would limit the number of failures to meet set targets, 
and mitigate the negative effect that the failure has on the participant’s exercise 
self-efficacy. 
Does performing more exercise result in higher self-efficacy score 
increases and more targets completed? There was no significant correlation 
found between increases in exercise self-efficacy scores and positive deviations 
from exercise targets; rs(7) = -.10, p = .81. This is an interesting finding because it 
indicates that performing extra exercise over and above the set targets does not 
result in additional self-efficacy score increases. This is further supported by the 
fact that there was no significant correlation between increases in exercise self-
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efficacy scores and the average exercise increase during the intervention phase 
rs(7) = -.23, p = .55, or the baseline phase rs(7) = -.42, p = .26. It seems that 
performing additional exercise did not produce additional benefits for exercise 
self-efficacy scores at any stage of the experiment.  
It was also found that there was no significant correlation between the 
number of targets met and the average amount of exercise performed during the 
intervention phase rs(7) = .17, p = .67, or the positive deviation from the exercise 
targets rs(7) = .13, p = .74. Participants who did more exercise did not seem to 
have an increased chance of meeting their exercise targets. A possible reason for 
this is that performing high amounts of exercise during an earlier stage can 
introduce a punishment contingency that causes lowered responding in the 
following stage. This would generate a high average for exercise performed, but 
would result in the participant missing some targets during the stages following 
the high level of responding. This is most evident in the data for Participant 8, as 
shown in Figure 1.  
Limiting the amount of exercise performed in the early stages of an 
exercise intervention is important because it makes achieving targets easier and 
diminishes physiological punishment contingencies associated with exercise. It is 
useful to know that by encouraging people to limit their exercise by sticking to 
the set targets they are not being deprived of potential exercise self-efficacy 
score increases. 
The effect of vigorous intensity exercise on self-efficacy score increases 
and number of targets met. There was no significant correlation found between 
minutes of vigorous intensity exercise performed and increases in exercise self-
efficacy scores; rs(7) = -0.37, p = .33. Neither was there was a significant 
correlation found between minutes of vigorous activity performed and number 
of targets met; rs(7) = -0.23, p = .55. It seems that performing vigorous intensity 
exercise did not increase the likelihood of meeting exercise targets or generate 
any additional increases in exercise self-efficacy scores. These findings reflect 
previous research in the area which has shown that performing vigorous 
intensity exercise has no beneficial effect on adherence to exercise programs 
(Peri et al., 2002; Sallis et al., 1986).  
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The majority of the vigorous intensity exercise was performed by 
Participants 6, 7, and 8; two of whom were the atypical participants who did not 
fit the demographic criteria for the intervention due to their high baseline 
exercise activity. Participant 8 had both the highest baseline exercise activity and 
highest duration of vigorous intensity exercise performed.  
It seems that the participants who had little to no exercise activity during 
the baseline phase were better able to stick to moderate intensity exercise 
during the intervention phase. These participants are the demographic at which 
the intervention is targeted, so the component of the intervention in which 
participants are discouraged from performing vigorous intensity exercise appears 
to be reasonably effective for the targeted demographic. 
Efficacy of the Task Components 
It was possible to measure adherence to the task components of the 
intervention via the task completion section of the stage questionnaire. The tasks 
were designed to initiate and maintain scheduling behaviour and proximal goal 
setting behaviour, and introduce social reinforcement contingencies. Other 
measures included in the intervention included; intensity of exercise, duration of 
exercise, and exercise self-efficacy scores. Looking at the relationships between 
all of these measures will provide valuable information as to which components 
were effective, and in what way they were effective. This will be useful 
information for deciding what to include in subsequent iterations of this 
intervention, and which components may need to be modified. 
It is important to note that the task completion measures do not 
comprise the entirety of their respective components in the intervention. The 
proximal goal setting and scheduling components are embedded into the 
intervention in other ways: Proximal goal setting is not only present in the 
assigned tasks, but also occurs in the progressive weekly exercise targets. 
Scheduling also occurs outside of the task requirements; the participants already 
have half of their scheduling done for them by having set exercise targets to 
meet. The scheduling task is quite specific, and requires the participant to 
actively write out their exercise plans. This is quite a convoluted method of 
scheduling that may not be necessary for most people. Scheduling exercise times 
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can be done quite easily without the task requirements being fully met. Negative 
results with the task outcome measures do not necessarily mean that their 
respective components are not an important factor for promoting exercise 
adherence, but only that how the tasks were delivered in this intervention was 
not very effective, and may need to be modified in future iterations. 
Effectiveness of proximal goal setting tasks. A non significant moderate 
positive correlation was observed between the number of proximal goal setting 
tasks completed and increases in exercise self-efficacy scores; rs(7) = .60, p = .09, 
and also between the number of proximal goal setting tasks completed and the 
number of targets met; rs(7) = .59, p = .094. This finding reflects prior research 
which states that proximal goal is a useful tool for increasing exercise self-
efficacy scores and long term exercise adherence (Bandura & Schunk, 1981; 
Wilson & Brookfield, 2009). There were only two proximal goal settings tasks 
throughout the intervention. The purpose of these tasks was to teach 
participants how to set their own proximal goals. There were other proximal goal 
setting components present in the intervention, such as encouraging participants 
to schedule specific durations of exercise time for specific days, and the exercise 
targets themselves. Meeting the targets was type of proximal goal setting, and 
was also strongly correlated with increases in exercise self-efficacy scores. This 
provides additional support for the effectiveness of proximal goal setting. It 
seems as though completion of the proximal goal setting tasks have had an effect 
over and above that of the goal setting components such as meeting the targets, 
which were already embedded into the intervention. 
More research is required to get a better understanding of the usefulness 
of the proximal goal setting tasks as it is quite difficult to draw conclusions with 
only three data points. The present results are promising; encouraging 
participants to set their own proximal goals appears to be an effective 
component of the intervention. It would be interesting to see whether increasing 
the number of proximal goal setting tasks would increase the efficacy of the 
intervention. This aspect of the intervention should be explored and developed 
further in subsequent iterations.  
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Effectiveness of social tasks. There is very little evidence for the efficacy 
of the social tasks. No significant correlation was observed between social task 
completion and exercise self-efficacy score change; rs(7) = -0.17, p = .857, or 
number of targets met; rs(7) = 0.26, p = .493. Increasing social support, and 
encouraging group exercise activities has been shown to increase self-efficacy 
scores (McAuley et al., 2003), and exercise adherence (Fraser & Spink, 2001; 
Hovell et al., 1991; Hovell et al., 1989; King, Taylor, Haskell, & DeBusk, 1990; 
Hooper & Veneziano, 1995; Wallace, Raglin, & Jastremski, 1995). In light of the 
extensive evidence supporting the effectiveness of social support for promoting 
exercise adherence, it is surprising that completion of social tasks did not seem 
to have any effect on either of the primary outcome measures.  
Perhaps the nature of the social tasks discouraged people from 
completing them. The participants were instructed to post on social media 
concerning their successes, and tell their friends and family about their exercise 
program. It is possible that these tasks were not appropriate for all of the 
participants; people may not necessarily want their friends and family to know 
that they have started an exercise program. They may also perceive the low 
amount of exercise that they complete in the early stages as not being 
particularly praiseworthy. 
Different methods need to be employed to promote social support and 
social reinforcement contingencies. In the early stages of the intervention it may 
be more appropriate to focus on creating opportunities to generate support 
from family and friends, rather than simply seeking out praise via social media. 
The low level of completion of the social tasks suggests that people are 
apprehensive about posting about their successes on social media. As 
participants progress through the exercise program and there exercise behaviour 
increases, it may be more effective to have an automated system in place to post 
updates following successful exercise sessions and target completion.  This 
would allow for social reinforcement contingencies to be introduced without the 
participant having to actively post about their successes. This would be a good 
feature to trial in a smartphone app. 
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Effectiveness of scheduling tasks. There was no significant correlation 
observed between completion of scheduling tasks and increases in exercise self-
efficacy scores; rs(7) = 0.26, p = .504, or number of targets met; rs(7) = 
0.53, p = .144. This was a surprising result due to the amount of research 
showing that scheduling is an important factor in bridging the gap between an 
intention to exercise, and actual exercise behaviour (Gollwitzer & Sheeran, 2006; 
Schwarzer et al., 2008; Sniehotta, Scholz, & Schwarzer, 2005). 
Participants were required to write down their exercise plan or put it into 
a calendar. It is possible that the presence of set targets, the low exercise 
requirement, and encouraging participants to fit exercise into their everyday life 
removed the need for the type of strict scheduling that was required to complete 
the scheduling task requirements. The type of scheduling behaviour required to 
complete the task would probably become more useful as the participant began 
to spend more time exercising and needed to set aside specific times to do it. 
The participants may have seen the task as superfluous for most of the 
intervention, as they did not find that they needed to write out their exercise 
plan when the requirement was so low. 
Better integration of scheduling into the intervention could be a useful 
way to increase its effectiveness. If the intervention were to be delivered via a 
smartphone app there would be many different ways to implement a scheduling 
component; the participant could be required to schedule in their exercise times 
when they are given their weekly targets, and reminders could be used to 
prompt the participant when it is almost time to exercise. This would require the 
participant to engage in scheduling behaviour regardless of whether they think it 
is necessary. 
Summary. There were quite a few different components used in this 
intervention to increase exercise behaviour and exercise self-efficacy scores. 
Some of the more successful components were; facilitating mastery experiences, 
setting achievable targets, slowly increasing exercise targets, encouraging 
participants to adhere to set targets, avoiding vigorous intensity exercise, and 
use of proximal goal setting. 
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There was little evidence found for the effectiveness of social task 
completion, and scheduling task completion. This was surprising as they are both 
well supported in the literature with regard to increasing exercise adherence, 
and exercise self-efficacy scores. As has been stated previously, this may be due 
to the way that they were implemented into the intervention. Future research 
could focus on different ways that they could be used within a smartphone 
based automated exercise intervention. 
Delivery without a Therapist 
One of the major objectives of this study was to discover whether an 
exercise intervention could be successfully delivered with minimal person to 
person contact. The point of this was to take the therapist out of the picture; if 
an intervention could be effectively automated, this would increase accessibility, 
and decrease the associated delivery costs. Steps were taken to try and minimise 
person to person contact during this study; it was made clear to the participants 
that the program would be delivered via an automated email system, and the 
only personalised contact that they had with the researcher was during the initial 
screening interview. This was to try and mimic how a smartphone app would 
work, as that is what was seen as being the most effective method of delivery for 
an automated exercise intervention. 
Most participants achieved a significant increase in the number of 
minutes spent exercising per week as a result of the intervention phase. The 
average exercise increase for each stage during the intervention phase was 21 
minutes, which adheres to the recommended increase of 20 minutes per stage 
set out in the targets. There were significant increases in ESE scores for most 
participants. As discussed earlier, there is a wealth of research showing the value 
of exercise self-efficacy measures for predicting long term exercise adherence. 
ESE score increases have also been shown to predict progression through the 
stages of the TTM. When considered in the light of prior research, the ESE 
increases of the participants in this study should result in an increased 
probability of long term exercise adherence. 
These results show that an automated intervention based on appropriate 
psychological theory can be used to significantly increase exercise behaviour in 
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such a way that promotes ongoing adherence. As stated previously, obesity and 
depression are two very serious global health concerns which can be treated 
with regular exercise. When one considers the large dissonance between the 
number of people diagnosed with common mental disorders, and the number of 
people able to access treatment, the value of studies looking at alternative forms 
of treatment becomes clear. While this is a pilot study with a fairly small sample 
size, the results are very encouraging and have exciting implications for future 
study in this area. 
Limitations 
There were several limitations present in this study; the small sample size, 
the use of self report to measure exercise behaviour, and the fact that the 
intervention was not long enough to measure ongoing exercise adherence. These 
limitations were due to practical constraints such as time and budget.  
Steps were taken to mitigate the effect of these limitations on the 
experiment: The issue of limited sample size was addressed by using a non-
concurrent multiple baseline across participant design in which each participant 
acted as their own control group. Generalisability of the results is somewhat 
limited due to the small sample size, and demographic makeup of the 
participants. The participants were mostly aged between 20 and 30, and were 
primarily university students. A more representative sample would be required 
before these results could be extrapolated to the general population. 
Due to the nature of the intervention and variety of exercise types 
available to the participants, using pedometers to record exercise duration and 
intensity was not a viable option. Self report for recording exercise duration and 
intensity was used instead because it is more representative of how a 
smartphone app would function. The short length of the intervention and 
subsequent inability to obtain long term data was addressed by using exercise 
self-efficacy as a measure to predict the likelihood of ongoing adherence. 
A further limitation of the study was the method of delivery. Email and 
online surveys were used to deliver the intervention, and record the appropriate 
exercise and task completion data. The ideal method of delivery would have 
been to use a smartphone app, but due to limited time and budget, that was not 
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possible for this study. Email and online surveys were judged to be the closest 
possible analogue available within the practical constraints. 
Future Studies 
There are several areas of this study that would benefit from further 
research; use of a larger sample size, development and use of a smartphone app 
to deliver the intervention, modification of the components that did not work as 
expected, and refinement of components that did work as expected. As has been 
previously stated, the aim of this study was to test intervention components that 
could be easily integrated into a smartphone app. Development of a smartphone 
app would allow a lot more customizability of the components that have been 
shown to work, and more options for integration of the components that were 
not effective in the current intervention. Use of a smartphone app would also 
make it easier to record long term exercise data, which would give a more 
reliable indication of the effectiveness of the intervention for promoting ongoing 
exercise adherence. 
Conclusion 
This study shows that by using an automated intervention based on 
simple behavioural principles and other relevant psychological research, it is 
possible to significantly increase the exercise behaviour of people who currently 
do little to no exercise in such a way the promotes ongoing adherence. These 
findings are important from a therapeutic perspective due to the fact that 
exercise can be used to effectively treat a variety of mental and physical health 
problems, such as; obesity, cardiovascular disease, generalized anxiety disorder, 
and depression (Dishman, 1999; Lee et al., 2012).  
Worldwide prevalence of depression and obesity are on the rise, and 
there is already a large dissonance between the number of diagnoses, and the 
availability of effective treatment options (WHO, 2012). A lack of trained 
professionals, and the high costs of training and employing these professionals, is 
a contributing factor to the disparity between number of diagnoses and 
availability of treatment. Removing the requirement of a therapist to deliver an 
intervention would help to increase availability of treatment for those who 
would not otherwise be able to access it (WHO, 2012). This highlights the 
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importance of research aimed at the development of automated treatment 
options; if treatment is to be made available to those who need it, it needs to be 
affordable, effective, and accessible (WHO, 2012). Using technological advances 
such as smartphone apps and email to deliver an automated intervention to 
increase levels of exercise behaviour seems to be a promising method of 
accomplishing this. 
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